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HOW. TO MAKE GOOD MERIDIAN OBSERVATIONS. 


TRUMAN HENRY SAFFORD.* 


For THE MESSENGER. 
First ARTICLE. 


Photography has been so perfected, that, as I have else- 
where shown, it has rendered needless for the future’a good 
deal of the meridian observing like that done in the past; 
and especially needless such observations as have been hur- 
riedly done owing to the existence of many stars very close 
to one another. For where the stars are most crowded it is 
easiest to take accurate photographs, and the zero points 


needed for the plates can be obtained quite as much at leis- 
ure as in other parts of the heavens. A plate of 2° 10’square 
_will, in such a crowded part of the sky, contain more stars 
easily reached by a meridian circle of moderate size, and a 
better selection of them, as to convenience in observing, can 
be more readily made. For example, on the plate whose cen- 
ter would be the Trapezium in the Orion nebula, there are 
fourteen stars of the seventh magnitude or brighter, and 
about twenty-four of the eighteenth. But, on the other 
hand, the observations to be so made must be thoroughly 
accurate. Immense improvements have been made within 
half a century, both in instruments and observing; and 
work which in 1840 was quite of standard character is now 
far inferior to the best that can be done. How then shall 
astronomers bring their work of this kind up to the very 
highest degree of perfection? I venture to offer some sugges- 
tions, derived from at least forty years’ experience; first as 
pupil, then as assistant, and finally in charge of meridian 
instruments of the first quality; during some years also as 


* Williams College, Williamstown, Mass. 
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geographical astronomer using portable transits of various 
degrees of excellence. 

The first series of suggestions I have to make refer to the 
Observatory. The best, in theory, for success, is a mere tent 
or hut; and for winter it is better to employ as simple a 
shelter as possible, so that, all things considered, an Observ- 
atory for permanent meridian instruments should not have 
too thick walls. A house with a strong wrought iron frame, 
covered with corrugated or galvanized iron, like the Field 
Memorial Observatory at Williamstown, is both strong 
enough not to be swayed by the high winds, and thin 
enough to permit of a free circulation of air and equalization 
of temperature; so that I have far better seeing here than I 
used to enjoy at Harvard College Observatory from 1850 to 
1866. It is, of course, needful to have wide slits from north 
to south, and to ventilate the transit rooms very thorough- 
ly before beginning to observe. The width of slit should be 
not less than three feet, or a meter for an ordinary meridian 
circle; the room should be spacious enough to prevent too 
large an effect of temperature changes on the metallic parts 
of the instrument. 

The instrument itself, whether transit, vertical circle, or 
meridian circle, should have the solidity of modern mechani- 


cal engineering. When machinery was not so highly devel- 


oped as it is now, the instruments of astronomy were 
awkwardly and unsymmetrically constructed; and a good 
many traditions of that time still survive among the inex- 
perienced instrument makers. Nor have the attempts to 
apply machine work to astronomical instrument making 
always been perfectly successful. The last touches given by 
skillful hand-work to the various parts of the instrument 
are the thing which renders it fit for the most delicate obser- 
vations. Artists like the successive heads of the firm of Rep- 
sold & Sons do as much for the perfection of observations as 
the observers themselves. 

There are a number of special points about the best mod- 
ern meridian instruments which are noteworthy. The ob- 
ject-glasses are made as perfect as possible, so that the 
center of the image shall be symmetrically placed; or, tech- 
nically, the collimation shall be the same for bright and faint 
stars. The illumination of the field is effected through a 
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small mirror cemented on the inside of the object-glass; a 
method which assures the identity of collimation by day and 
night, and diminishes certain ocular illusions as to the real 
place of the image of the wires; the circles are made small, 
so as to be free from flexure; the errors of division, in spite 
of this, are minimized by high microscopic power, both in 
the construction of the circle itself and the image of its lines 
in the reading microscopes; the division-lines are made very 
numerous (1 to 2’), so that any one star can be observed 
with reference to several of them in succession; the focal 
length of the telescope is shortened so that the flexure of 
the tube shall be small; and for the same purpose the materi- 
als of the tube, and its proportions, are most carefully stud- 
ied and worked out. 

The pivots are made glass-hard, and so highly polished 
that they have the feel of velvet. A careful scrutiny of a list 
of over one hundred meridian circles about which I know 
something, shows that about one-half are old enough to 
need radical rebuilding; those which are modern enough for 
observations of great precision have not in all cases the very 
latest improvements. 

The observer who is to do meridian work of the highest 
excellence must have training and experience; must be order- 
ly and regular in his method, not allow himself to be hurried 
or get nervous, but time his work carefully to avoid this; 
he must hasten rather slowly; must know when the seeing 
is too bad for precise observation, and discontinue working 
at that point; must look carefully to the ventilation of his 
transit-room, see that everything is in precise working order. 

Above all he must watch over himself as to physical con- 
dition. One of the greatest drawbacks, aside from mere 
thistakes, to the best work is the variability of personal 
equation, which is most irregularly affected by bad seeing 
and by hurry; and is liable to injurious fluctuations between 
bright and faint objects. 

A good clock is necessary, but as one will readily see, the 
best watchmaker’s regulators in market are more severely 
tested in their commercial use than in the Observatory. For 
here they are only required to run uniformly for a few hours; 
in their ordinary use they are expected to keep good time 
over several days. I assume, however, that the astronomer 
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is not observing for a fundamental catalogue. The chrono- 
graph needs, of course, to be well made, but as its use is only 
to count seconds and divide them accurately, a compara- 
tively simple telegraphic register can do the work, although 
less conveniently than an expensive cylinder instrument. 


Fillet chronographs are largely used by European astrono- 
mers. 


PERSONAL ERROR IN OBSERVATIONS OF POSITION ANGLE. 
F. P. LEAVENWORTH. 





For THE MESSENGER. 


My attention was called to this subject, while working on 
stellar parallax, by finding large errors in my measures of 
the double star South 503. In order to see whether the 
trouble was due to personal error I began a series of meas- 
ures on this and other stars. A night’s observation of posi- 
tion angle consisted of two or more measures in each of 
three positions of the eyes. The ‘“‘normal”’ observation was 
made with the head so inclined to the right or left that a 
line through the stars was at right angles to a line through 
the eyes. The “parallel” observation was made with the 
line through the stars parallel to the line through the eyes. 
The “horizontal” observation was made with head erect 
and line through eyes parallel to the horizon. When the 
three observations were made in the above order the mi- 
crometer was rotated one hundred and eighty degrees and 
the observations repeated, only in the opposite order; so 
that the mean of the times of observation should be the 
same for each position of the eye. 

About sixty observations were obtained at various hour 
angles. 

I have corrected these angles for refraction and proper mo- 
tion, and drawn through the plotted positions a smooth 
curve, as shown in the accompanying diagram. The right 
and left co-ordinate is the angle with the vertical, or is the 
complement of the angle which the line through the stars 
makes with the line through the eyes when “horizontal.” 
The up and down co-ordinate is the observed position angle 
corrected for refraction and proper motion. 
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I have found the following empirical formule will satisfy 
the observations within the limits of accidental error. 


Pn = + 3°.3 + 4°.0 sin’ % q. 
Pp=+4 .0+5 .7sin’ %4(q + 25°). 
3 


Ph=+3 .7+13 (S| 


where q is the angle with the vertical. 


Personal Error in Position Angle 
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Another series of observations on ¥ 2180 shows scarcely 
any evidences of personal error. 
The positions of the stars are for 1890. 


2 


a 6 P J 
S 503 5" 50™ + 13° 56’ 4° 3.5” 7.0" — 8.5™ 
72180 17"26"+ 51° 0’ 264° 3.0" 7.0" — 7.2™ 
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It follows from the above results with some degree of 
probability, that ‘‘normal’’ and “ parallel’ observations 
are in a great measure free from the variable part of person- 
al error, are but little injured by the twisting of the neck, 
and are therefore better observations than those made 
‘“‘horizontal.”’ Also, there is no doubt that personal error is 
different with different stars. 

Haverford College Observatory, Haverford, Pa. 


y ANDROMEDZ. 


Ss. W. BURNHAM.* 
FOR THE MESSENGER. 

As something has been said heretofore in this journal con- 
cerning the distance and visibility of the close pair of 7 An- 
dromedea, the following observations with the 36-inch tele- 
scope may be of some interest: 

B ann C. 


1890.526 Elongation doubtful with 1900. Distance much 
less than 0’’.1. 


1890.573 Seems to be slightly elongated in 304°.6. Dis- © 


tance decidedly less than 0”.1. 

1890.594 Elongation, if any, too uncertain to measure 
with the highest power. 

1890.660 Tried with all powers, and the elongation, if any 
exists, isso slight that any attempted measure 
would have no value. Seeing magnificent, and 
the star nearly in the zenith. 

To one who is familiar with the separating power of the 
large telescope, this means that the distance between the 
stars cannot exceed much, if any, 0.05. Evidently large 
telescopes will have to wait a few years longer before they 
will be able todeal with this pair. It will probably be useless 
to attempt to do anything within the next three or four 
years, as the closing up has been very gradual. 

It is impossible to tell anything, even approximately 
about the period of this binary from the measures already 
made; but a single set of measures when this pair can be 
observed again, will certainly give all that is required for a 
preliminary orbit. The path described by that time will 
probably make at least 180° since the first measures of OY 


* Lick Observatory, California. 
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in 1842. The period is certainly long and for that reason 
this pair will hardly be regarded hereafter as specially inter- 
esting. 


PHENOMENA OBSERVED UPON SATURN AT THE TIME OF THE 
PASSAGE OF THE SUN AND OF THE EARTH THROUGH 
THE PLANE OF ITS RINGS, IN 1877-1878.* 


M. TROUVELOT 


Calculation shows that in order that the protuberant belt 
of the ring B, which we have supposed to be 6,000km from 
the exterior edge of that ring, should be able to cast a 
shadow which reached, Jan. 25, 1878, to the one that the 
ball casts on the ring, its crest must have been elevated to 
nearly 400km above the plane of the rings. Supposing all 
this to be true there was then a zone of 400km of elevation 
existing at that period on the northern surface of the ring B. 

If we assume that the opposite surfaces are nearly sym- 
metrical, as our observations of 1872 to 1889, made on the 
northern and southern surfaces, seem to authorize us to do, 
it will be necessary to double this number to obtain the 
total depth of the protuberant zone of the ring B, and call it 
800km. Now 800km is a considerable thickness if one com- 
pares it with that given by other observers, but the observa- 
tions which we have just made known will scarcely permit 
us to reduce it. If the protuberant zone of the ring B is 
800km in depth, this entire thickness would not be visible 
from the earth except at very rare and short intervals. In 
fact, since the protuberant part is not found on the exterior 
border of the ring A, but is situated at 25,600km from it on 
the ring B, the result is that most of the time half of this 
protuberant zone is invisible from the earth, either because 
it is hidden from our sight by the interposition of the ring A, 
or because it is on the obscure side and is hidden by the 
darkness. 

The entire thickness of the protuberant zones north and 
south could scarcely be seen except when the sun and the 
earth cross the plane of the rings at the same time or at 


*Continued from page 82. 
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very nearly the same time; and also it is necessary for this 
that these passages should take place near the date of the 
opposition of Saturn; for, if they should occur near the con- 
junction it would hardly be possible to observe such delicate 
phenomena, because of proximity of the sun and of the hori- 
zon. The phenomenon in question then, presents itself very 
rarely, so that we never see much more than half of the pro- 
tuberant zone of the ring B. Practically then we must re- 
duce its thickness to 400km. Now,400km equal 248.6 miles 
a number in perfect accord with Herschel’s estimate; he 
gave to the ring a thickness of 250 miles. It is true that G. 
Bond believed the thickness of the ring to be very much less, 
since he estimated it at less than 40 miles, only 64km. This 
thickness might possibly belong to the ring A, though we 
think it too much when we remember that this ring is some- 
times so thin that it becomes transparent, as seems to be 
shown by our observations of Nov. 21—Dec. 6, 1880, which 
we have spoken of elsewhere. (Bulletin Astronomigque, t. I. 
p 530, 1884.) But Bond, who did not know that Saturn’s 
system of rings is not flat, and that it is at quite a long dis- 
tance from the edge that it reaches its maximum thickness, 
could not arrive at a valuation of this thickness anything 
but erroneous and too small. Besides, it is very doubtful 
that Bond has ever seen the illuminated edge of the ring A, 
and consequently that he has ever been able to estimate its 
thickness. In fact that which he calls “edge of the ring’’ 
evidently is not the outer edge of this ring. First, because 
the luminous thread which he names thus did not form a 
continuous line and one of uniform thickness, but was, on 
the contrary, always interrupted and formed of lines and 
points differing in brightness; and also, because it did not 
occupy the place which belonged to the outer edge of the 
ring A. In fact the outer edge of this ring if it had been 
visible should appear as an uninterrupted luminous thread; 
and this thread should have been found exactly at the place 
opposite where Bond observed it. From April 22 to Sept. 3, 
1848, he observed this thread of light above, i. e. to the 
south of the dark band which crossed the ball, while the 
edge of the ring A presented to the observer was below, or 
to the north of this band. From Sept. 13, 1848, to June 
19, 1849, it was below, i. e. north of the dark band that he 
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observed the thread of light which he so often calls ‘‘ edge of 
the ring,” while it was above, or to the south, that the 
outer edge of the ring A then was. 

And yet Bond was not deceived as is shown clearly by his 
observation of Nov. 3, 1848, when he says: ‘ The interrup- 
tions in the light of the ring are so plainly seen that no one 
could for a moment hesitate as to their explanation, namely 
the light reflected from the inner edges’’ (Annals of the 
Harvard College Observatory, Vol. II, part I, p. 31.) The 
estimate of Bond, which rests upon erroneous data, can not 
agree with the system of rings and could not serve as an ar- 
gument against the thickness which we have tried to deduce 
from the encroachment of the shadow on their surface. 
There is also another important consideration which has 
not escaped this distinguished observer, and which is op- 
posed,so to speak, to so small a thickness; for with this, the 
medium density of the matter composing the rings must be 
three times greater than that which composes the globe. 
To satisfy this last objection it would be necessary for the 
ritig to have a greater thickness. 

In 1848, nevertheless, the conditions for measuring the 
total thickness of the rings were very favorable, for during 
nine days, Sept. 3 to 12, the protuberant part which we 
claim to have recognized must have presented itself nearly 
in front of the earth. Also Bond, who, it would seem, ob- 
served it without suspecting it, was surprised at its bright- 
ness which was such that the ring was visible even with a 
telescope of 3-inch aperture. The 12th, after midnight, he 
made the remark that since Sept. 3 the brightness of the 
ring was almost too great to be compared with what it 
was before that date. According to the same observer, the 
black band which crossed the planet before Sept. 3 was, 
after that date, replaced by a brilliant belt which remained 
visible until the 12th, and which the 13th had disappeared 
and was replaced by a dark band as before. 

The brilliant belt which appeared so suddenly Sept. 3, and 
which disappeared with the same suddenness the 13, could 
not be attributed to the illuminated surface of the ring as 
Bond thought; for, if it had been so, it seems that it would 
have been gradually diminishing in size and at the same 
time in brightness, since the earth approached this surface 
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rapidly and the angle that it subtended, supposing the sur- 
face to be flat, diminished proportionately to the lowering 
of our globe, whose height, which was —O0° 21’.1 the 3d of 
Sept., was reduced to 0° 0’ the 13th. Now, since according 
to the observation this zone was as large and as brilliant 
on the 10th and 12th of September as it was the 3d, we 
may be allowed to think that Bond’s observations con- 
cerned the protuberant zone of the ring B and not the light 
reflected by the southern surface of the ring. This is the 
zone that ought to have been measured to obtain the thick- 
ness of the ring. 
Fig} 
1877 Année 1878 
7 


Déc. | Janv | Fév. 





In the following passages of 1861-1862, Saturn was not 
situated under favorable conditions for presenting at the 
same time its two protuberant zones to the sun and to the 
earth, nor for permitting anyone to observe the encroach- 
ment of the lighted part by the shadow of this zone, the 
passage of the sun through the plane of the rings taking 
place toward the quadrature (fig. 6) when the earth was 
almost 3° above the ring. In 1878 it was almost the same; 
neither were the conditions favorable, the passage of the 
earth through the plane of the rings taking place a few days 
before the conjunction, when Saturn was so near the sun 
and the horizon that one could, with difficulty, see the 
planet, enveloped as it was in solar rays and the vapors of 
the horizon. (Fig. 1). 
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The protuberant zone, which, with the sun, is the cause of 
the phenomena of which we have just been speaking, was 
naturally suggested to us by the deviations which have so 
often been seen on the borders of the shadow of the globe 
cast on the ring B. But, although it easily explains the 
deviations of the shadow and of the gradual invasion of the 
lighted part of the rings, and though we are convinced of its 
existence, yet we ought not to pretend, as we have already 
intimated, that this explanation does not present very seri- 
ous objections to which it is not easy to reply with our pres- 
ent actual knowledge. In fact if it is true that very oblique 
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solar rays are intercepted by a protuberant zone situated 
near Cassini’s division one does not see why the interior 
face of this zone which is turned toward the sun and toward 
the earth, as well as the anterior surface of the ring A, 
equally exposed to the sun and to the observer, should not 
be visible. Now, our observations have revealed nothing 
to us on this subject. From Oct. 6, 1877, to Feb. 5, 1878, 
we did not perceive the slightest trace of the narrow thread 
of light which theoretically ought to have stretched from 
the eastern to the western extremity of the ring A, nor of 
the slight swelling of shorter length which the protuberant 
zone ought to produce. To what must we attribute 
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this anomaly? For it seems very certain that the ring B 
carried a shadow on its other parts. The luminous thread 
which, theoretically, ought to exist, was it too slender to be 
recognized with our instrument? It would seem not. Or 
must we attribute its invisibility to an unknown cause? 
Perhaps the observations of 1891 will bring us some light 
on this subject. 

Herschel and Dawes, struggling, it would seem, with the 
same difficulties, both arrived at this conclusion, which may 
seem extraordinary, ‘‘that there are very strong reasons to 
induce us to think that the edge of the ring is of such a nat- 


Fig.6 
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ure as not to reflect much light.’”’ We have shown that 
Bond, in 1848, never saw a trace of the edge of this same 
ring, any more than we did in 1878. It is scarcely admiss- 
able, however, that the materials which compose the edges 
of this ring and of this protuberant zone should be destitute 
of the power of reflecting light, especially when we know 
that the protuberant zone is precisely the most brilliant of 
all the system when we observe it under other conditions, 
when the sun and the earth are more elevated above its sur- 
face. There certainly is a mystery here to be explained. 
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III. Under a great solar obliquity Cassini's division becomes 
more visible at one end than at the other. 


If it is true that there exists a protuberant zone of a cer- 
tain elevation, near the outer edge of the ring B, as our ob- 
servations have led us to suppose, the result will be not only 
that, under a very oblique sun, the anterior half of this zone 
will cast a shadow on the part of the rings situated behind 
it with relation to the sun; but also that the posterior half 
of this same zone, of which a part passes behind the globe, 
will also cast a shadow behind it, that is to say, on Ring A. 
Only, because of the slight opening and the apparent nar- 
rowness of this ring when the sun is a little elevated, the 
shadow cast on the ring A will be much more difficult to ob- 
serve than that which is due to the larger anterior zone, 
especially that before being recognized it will have crossed 
the dark gap of the division of Cassini. 

A phenomenon which seems to have a direct relation to 
what we have just said, and which we may attribute to this 
cause, has been revealed to us by our observations. In fact, 
when the angle of the elevation of the sun above the ring 
was only + 0° 45’, until the day when it was not more than 
+ 0° 27’, the division of Cassini which, up to the first date 
always appeared to us to have an equal intensity on the op- 
posite ends, became much more apparent on the eastern end 
than on the western. On Dec. 18, 25, 26, 27, 28 and 29, 
1877, the phenomenon was observed with certainty, and 
seemed to accentuate itself from day to day. It was again 
observed Jan. 6, 1878, and did not cease to be visible until 
the encroaching shadow of which we have spoken reached 
the division of Cassini and made it disappear. It seemed 
that the outer edge of the ring B cast a shadow on the pos- 
terior part of the ring A, which reached out a little to the 
northeast, toward the extremity of the ring B, which it 
made to stand out, and rendered it much more visible than 
on the opposite end. It is precisely on the eastern end, the 
most distant from the sun, that the phenomenon was ob-. 
served, and a few days after the quadrature, when the 
shadow of the ball on the rings reached its greatest size. 


(To be Continued.) 
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A FURTHER NOTE ON METEOR RADIANTS. 


BY W. H. S. MONCK.* 
FoR THE MESSENGER, ; 

I desire to correct a misapprehension into which some per- 
sons appear to have fallen as to my arrangement of the Me- 
teor Radiants comprised in Mr. Denning’s (or any other) 
Catalogue in order of Right Ascension. I did not mean to 
assert that wherever meteors are found to emanate from the 
same radiant point at different periods of the year we have 
a stationary or long enduring radiant. Among a large 
number of radiants there will no doubt be a certain number 
of coincidences in direction between showers having no con- 
nection with each other. What I asserted,and what I think 
a short examination of Mr. Denning’s Catalogue (or almost 
any other catalogue containing a sufficient number of radi- 
ants) will show is that the number of coincidences is vastly 
too great to be the result of chance, and that therefore the 
connection between different showers coming from the same 
point at different dates is in the great majority of instances 
the result oflaw. Itis idle to urge against this conclusion 
that there are certain diversities between these different 
showers—that, for instance, some are fast and some are 
slow. These very diversities are themselves the result of 
law, and of a law which I have already indicated, viz; mete- 
ors from the same radiant are faster or slower according as 
the earth is receding from or approaching the radiant in its 
annual motion. 

I have already given the arrangement of Mr. Denning’s 
radiants in order of right ascension for the second quadrant. 
I now give a table arranging them similarly for the other 
three quadrants. I have underlined the cases in which mete- 
ors from the same radiant are found at intervals of over a 
month. As I have confined this underlining to the cases 
where the radiants are strictly the same it does not afford a 
complete index to the stationary radiants deducible from 
the catalogue, but I think any one who will go through the 
catalogue (in the Monthly Notices of the Royal Astronomi- 
cal Society for May, 1890) in the order defined in this article 
will entertain no doubt as to the existence of stationary or 
long-enduring radiants however they are to be explained. 
"* Dublin, Ireland. 
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One viiitiintie I may here suggest, though I do not 
think it a probable one, viz: that of families of comets— 
comets having a different longitude of the node but nearly 
the same radiant. This is the only form in which I think 
the cometary theory can possibly explain the phenomena. 

First Quadrant (0° to 90° R. A. in order of R.A.) Nos. 392, 522, 476, 334, 
248, 188, 492, 335, 185, 293, 465. 561, 529, 412, 456, 431, 193, 218, 419, 219, 758, 


420, 210, 250, 286, 356, 199, 574, 294, 318, 620, 259, 200, 277, 584, 666, 221, 384, 


631, 336, 369, 457, 251, 357, 319, 519, 400, 375, 715, 295, 211, 287, 296, 530, 643, 
551, 597, 564, 649, 236, 458, 585, 493, 747, 260, 244. 337, 744, 226, 288, 544, 562, 
521, 149, 320, 237, 667, 261, 180, 837, 652, 278, 826, 401, 626, 393, 385, 305, 668, 
441, 819, 809, 411, 669, 740, 238, 240, 531, 602, 623, 321, 813, 466, 442, 726, 262, 
829, 838, 252, 201, 253, 488, 870, 557, 754, 818, 254, 644, 748, 322, 532, 567. 582, 
632, 467, 279, 627, 653, 289, 377, 628, 568, 670, 851. 331, 587, 280, 735, 323, 604, 
443, 633, 264, 265, 290, 650, 266, 514, 311, 267, 702, 586, 297, 312, 202, 306, 827, 
324, 695, 736, 421, 313, 755. 654, 338, 655, 565, 171, 317, 339, 422, 489, 729, 558, 
839, 341, 351, 340, 645, 332, 634, 329, 359 A, 358, 721, 575, 730, 731, 281, 444, 
342, 353, 362, 298, 361, 656, 360, 354, 830, 847, 365, 363, 359 B, 364, 708, 709, 
366, 370, 745, 766, 515, 299, 671, 480, 413, 343, 445, 371, 355, 629, 635, 710, 906, 


45, 231, 545. 621, 372, 893, 737, 820, 246, 325, 767, 533, 394, 598, 373, 378, 657, 
499, 534, 300, 386, 546, 523, 379, 234, 388, 387, 395, 494. 793, 524, 821, 423, 
624, 716, 732, 552, 7, 749, 753, 768, 547, 576, 733, 446, 784, 525, 738, 495, 831, 
503, 380, 840, 459, 402, 724, 35. 500, 548, 841, 636, 403, 504, 535, 569, 777, 496, 
741, 432, 742, 759, 798, 760, 447, 505, 468, 483, 511, 553, 822, 696, 577, 746, 554, 
832, 778, 307, 344, 799, 555, 526, 833, 301, 448, 367, 477, 672, 769, 433, 856, 497, 
711, 673. 9, 516, 536, 549, 506, 424, 605, 785, 520, 578, 637, 469, 563, 599, 717, 
241, 473, 527, 658, 794. 571, 570, 761, 638, 750, 898, 537, 823, 802, 674, 810, 852, 
885, 795, 639, 857, 779, 890, 572, 858, 842, 528, 706, 640, 12, 685, 800, 498, 579, 
517, 550, 600, 863, 588, 646, 573, 559, 538, 697, 859. 

Third Quadrant, 180° to 270°, Nos. 32, 807, 41, 70, 901,56, 836, 616, 883, 
95, 47, 118, 59, 791, 845, 846, 776, 566, 651, 65, 910, 848, 793, 896, 178, 886, 808, 
792, 897, 874, 115, 902, 66, 30, 816, 867, 20, 14, 67, 37, 21, 34, 828, 77, 33, 73, 
173, 725, 683, 868, 351, 78, 49. 903, 136, 177, 16, 887, 28, 501, 96, 15, 888, 1, 884, 
116, 611, 29, 71, 97, 79, 131, 6, 5, 62, 98, 889, 64, 2, 869, 74, 139, 913, 8, 132, 42, 
99, 38, 80, 81, 172, 127, 68, 125, 100, 414, 484, 137, 50, 189, 17, 904, 22, 51, 101, 
160, 57, 485, 26, 425, 617, 133, 82, 123, 212, 83, 141, 126, 154, 282, 222, 84, 72, 
23, 124, 508, 245, 255, 39, 153, 27, 140, 155, 630, 43, 52, 283, 63, 117, 426, 449, 
138, 147, 129, 75, 434, I91, 509, 85, 227, 161, 86, 88, 102, 87, 284. 

Fourth Quadrant 270° to 360°, Nos. 162, 203, 213, 596, 103, 256, 119, 
104, 105, 107, 106, 166, 247, 53, 111, 892, 54, 204, 168, 89, 194, 145, 112, 326, 
183, 120, 257, 44, 158, 163, 217, 90, 108, 490, 91, 205. 461, 170, 195, 150, 214, 
618, 314, 159, 435, 308, 404, 330, 407, 479, 580, 113, 914, 143, 176, 164, 164, 25, 
206, 109, 374. 427, 415, 223, 235, 92, 110, 345, 242, 470, 121, 397, 167, 396, 165, 
93, 179, 215, 196, 144, 151, 268, 224, 156, 619, 190, 486, 471, 390, 701, 416, 152, 
184, 481, 269, 142, 510, 216, 228, 181, 94, 462, 436, 207, 346, 625, 55, 182, 694, 
58, 232, 408, 405, 197, 450, 398, 309, 285, 134, 76. 451, 406, 391, 208, 11, 347, 
348, 474, 452. 437. 475, 229, 382, 438, 439, 417, 303, 270, 512 A, 249, 310, 817, 
429, 315, 225, 271, 186, 148, 330, 230, 472, 399, 512 B, 349, 243, 169, 581, 518, 
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304, 316, 273, 272, 135, 274, 209, 757, 429, 178, 612, 327, 275, 368, 350, 453, 187, 
157, 409, 556, 130, 410, 491, 463, 192, 603, 430, 464, 198. 383, 440, 233, 276, 454, 
328, 239, 418, 455, 582, 487, 174, 146, 258, 502, 684, 543, 583, 513. 











Personally I am inclined to think that none of the coinci- 
dences which I have underlined are due to chance, but it 
would not affect my general argument if a dozen of them 
were so. With regard to the stationary or long-enduring 
character of both the Perseid and the Andromede radiants, 
the evidence contained in my former article can easily be ex- 
tended. Mr. Denning’s reduction of the Italian observations 
of 1872 gives perhaps the most conclusive evidence of the 
former. He found a radiant at 47°+ 57° for the date of 
July 15-Aug. 2, at 44° + 56° for Aug. 6-12, at 45° + 57° 
for Aug. 24-Sept. 14, at 47° + 56° for Oct. 29-Nov. 13, and 
at 46° + 57° for Nov. 25-Dec. 31. The gaps in this list con- 
sist of the periods when there were too few observations to 
deduce ‘any possible result; and Mr. Denning accordingly 
says, ‘‘Many of the showers endured apparently for much 
longer periods than is usually attributed to them. Thus the 
Perseids (or a succession of coincident radiants in Perseus), 
continued in feeble action during the whole of the Jast five 
months of the year.”” (Monthly Notices, for March, 1878, 
p. 316.) He seems, moreover, to have met with meteors 
from the Andromede radiant throughout the month of De- 
cember and even in February. The stationary character of 
both radiants is thus strongly attested. But I am inclined 
to think that what really possesses this stationary or long- 
enduring character is a radiant area of considerable dimen- 
sions embracing most, if not all, of the positions which Mr. 
Denning ascribes to his shifting radiant. I doubt if there is 
a single radiant point in his catalogue which he character- 
izes as a Perseid from which meteors do not come to us at 
other times of the year. His first position at 3° + 49° on 
July 8 agrees with one of Schiaparelli’s for July 31, and very 
nearly with Tupman’s for August 20-29. His second posi- 
tion at 11° + 48° on July 11-14 agrees with one of his own 
(deduced from a large number of meteors) on July 31-Aug. 
1, which Mr. Sawyer confirms. His third at 19° + 51° on 
July 19 agrees with one of Heis’s for Aug. 1-2, and the re- 
mainder will, I think, be found similar in character. Not 
one of them ceases to be active as soon as the shifting radi- 
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ant is supposed to have passed it, and some are active be- 
fore the shifting radiant is supposed to reach them. The 
eastern portion of the radiant area becomes better placed 
for observation as the season advances, and hence presents 
an appearance of increased activity. I doubt if there is any- 
thing more, but I await the publication of the full evidence 
on which the shifting radiant theory is supposed to rest be- 
fore discussing the question further. When the full evidence 
is published your readers will be able to form their own esti- 
mate of its conclusiveness. 


A PERPETUAL CALENDAR, 


R. W. MCFARLAND. 





For THE MESSENGER. 


In the year 1848 I came into possession of a perpetual cal- 
endar, found in an old book, and copied it off for further ex- 
amination. It was somewhat different from this, but really 
involved the same principle, but there was no hint of the 
way to construct it. But this was made manifest by the 
following procedure, which underlies all styles of perpetual 


calendar. Begin by setting down in tabular form, the new 
year days: 


—Say 1891 began on Thursday. Trace a few years in reverse order: 
1892 will begin on Friday. 1890 bega 
‘ Lad “ce 


n on Wednesday. 
1893 ‘ Sunday. 1889 ‘“ “ Tuesday. 
1894 “  “ (Monday. 1888 ‘“ “ Sunday. 
1606 “ ° “© «© Tuesday. | 1887 “ “ Saturday. 
1896 “ ‘ “ Wednesday. | 1886 “ * Friday. 
3007 “ “< Bening. 1885 “ * Thursday. 
ises “ “ “ Saturday. | 1884 “ “ Tuesday. 
1899 * “ ‘Sunday. 1883 “ “ Monday. 
1900 “ ‘* ‘** Monday. | 1882 “ “ Sunday. 


In this way a whole century can, in a few moments be reg- 
ularly arranged, and 15 or 20 centuries in a few hours. As 
a general rule each succeeding year begins one day later in 
the week; but the year following leap year goes forward 
two days—the 29th day of February being one’ of them. 
Suppose one has set down 20 centuriés, say from 1500 to 


3400 inclusive. The centesimal years fall into groups as 
follows: 
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Begin on Begin on Begin on Begin on 
Monday. Saturday. Friday. Wednesday. 
1500 1600 1700 1800 © 
1900 2000 2100 2200 
2300 2400 2500 2600 
2700 2800 2900 3000 
3100 3200 3300 3400 


But here are 20 centuries and the centesimal years all be- 
gin on one of the four days given. No centesimal year, new 
style, ever began or ever will begin on Tuesday, Thursday 
or Sunday. The table may be extended indefinitely both 
forward and backward. In like manner commencing any 
where, say at 1800, let the new year’s day for a century be 
gathered up in tabular form. Besides 1800, the following 
years also have Wednesday for new year’s day (omitting 
the 18 for convenience), 6, 12, 17, 23, 34, 40, 45, 51, 62, 68, 
73, 79,90 and 96. Other groups begin on Thursday, Fri- 
day, etc. 

Having every fourth year (old style) a leap year, the cen- 
tesimal years will run through the whole week. If those be- 
ginning on Sunday be put in one column, those on Monday, 
in another, etc., there will be seven columns. But it is not 
necessary to repeat the rather tedious course of putting 
down the New Year’s day for twenty centuries. The follow- 
ing course is short and simple. It is seen above that 1800 
began on Wednesday, but in January of that year the dif- 
ference between old style and new was eleven days, old style 
lagging behind. Then count forward eleven days from Wed- 
nesday, and you find Sunday for Jan. 1, 1800, old style. In 
like manner 1700 began on Friday, new style; but the old 
style on that day was ten days behind—add ten days to Fri- 
day—and you reach Monday. So 1600 began on Saturday, 
new style, and then the difference was ten days; count for- 
ward ten from Saturday, and you reach Tuesday for old 
style. Bringing the years together we find 

1600 begins on Tuesday, old style, 
1700‘ Monday, “ 
1800 = Sunday, m 

1900 will be Saturday, each centesimal year in order fall- 
ing one day earlier in the week,—so that twenty centuries 
may be set down in a few minutes. 

In order to bring both styles into the same table a sliding 
to the right is made of one day for each of the centesimal 
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MEETING OF THE ASTRONOMICAL SOCIETY OF THE PACIFIC, 
JAN. 31, 1891. 





The society met for probably the last time in their rooms 
at 408 California street, their new quarters in the California 
Academy of Sciences’ new building not being quite ready for 
occupancy. Inthe absence of President Holden, Vice-Presi- 
dent Pierson presided. 

At the meeting of the directors the minutes of -the last 
meeting were approved. The following gentlemen and 
ladies were elected to membership: 

H. C. Swain, 1107 Post street; N. A. Robinson, 430 Kearney street; 
Miss Harriette C. Butler, 1909 Pine street; Miss Josephine Harker, 1909 
Pine street; Charles H. Crocker; William S. Moses, Masonic Cemetery; 
Capt. Oliver Eldridge; Professor Gustav C. Lueben, 215 Geary street: I. 
E. Thayer, 204 Front street ; Tully T. Young, 805 Pine street, of San Fran- 


cisco; H. P. Carleton, 716 Nineteenth street; Miss Caroline C. Jackson, 


1379 Eighth avenue (East Oakland); Rev. A. M. Le Veau, 809 Thirteenth 
street; F. G. Blinn, Highland Park (East Oakland), of Oakland, Cal.; Pro- 
feseor C. W. Treat, S. E. Holden, Napa; A. Keith, Riverside; Daniel Appel, 
Cleveland, O.; O. E. Harmon, Chehalis, Wash.; Miss Sara Carr Upton, 
Washington, D. C.; Fraser Ashurst, Edward B. Reilley, Philadelphia, Pa.; 
Frank L. Smith, Oshkosh, Wis.; Charles A. Bacon, Director, Beloit, Wis.; 
Mrs. Mary H. Willmarth, Ruthven W. Pike (life member), Frank M. Smith, 
Gayton A. Douglas, Fred. Ellerman, Dr. H. W. Rogers, Rev. E. F. Williams, 
W. E. Hale, G. W. Hale, Dr. M. D. Ewell, Dr. H. H. Belfield, F. S. Osborne, 
C. O. Boring, D. H. Burnham, Norman B. Ream, Professor G. W. Hough, 
A. E. Adams, J. R. Steward, Mrs. Ruth W. Brewster, E. Burton Holmes, 
Chicago, Ill.; Professor C. B. Thwing, Professor C. S. Cook, Francis Brad- 
ley, Evanston, Ill.; A. C. Behr, Bloomington, IIl.; G. W. Ritchey, Engel- 
wood, Ill.; A. W. Wagner, Joliet, Ill.; Rev. E. H. Rudd, D.D., Knoxville, IIl., 
H. A. Allen, Milwaukee, Wis.; Joseph Brook, Sydney, New South Wales; R. 
L. J. Ellery, E. J. White, F. R. A. S., Melbourne, Victoria. 


A new section was added to the by-laws, authorizing 
groups of members of the society outside of San Francisco 
to form sections. The proceedings of the sections may be 
printed in the Publications of the society, and each section 
may elect their own officers and adopt their own rules of 
government. No person shall be eligible to membership in a 
section without being a member in good standing in the so- 
ciety. 

Under the provisions of this amendment a Chicago section 
has effected an organization, and has elected officers and 
an executive committee as follows: G. A. Douglas, chair- 
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man; G. E. Hale, secretary, and R. W. Pike, C. B. Thwing, 
and M. D. Ewell. It was moved and cagried *‘ That the Chi- 
cago Section of the Astronomical Society of the Pacific is 
hereby authorized and duly recognized.”” The names of the 
members of the Chicago Section will be found in the list of 
members elected. 

The directors adopted a seal for the society, a cut of 
which will be found in the next publication. 

It was also resolved that, beginning with the present year, 
that all moneys received as life membership fees should be in- 
vested in a separate fund, and only the interest derived 
therefrom to be used in defraying the expenses of the society. 

Messrs. Schaeberle and Burckhalter were re-appointed to 
serve on the Comet-Medal Committee for the year 1891. 

The regular meeting was held immediately after the direc- 
tor’s meeting and largely attended. 

As the next meeting will be the annual meeting, a commit- 
tee of three, consisting of Messrs. Ziel, Johnson and Leusch- 
ner, was appointed to audit the accounts of the treasurer, 
and Messrs. Von Gelden, Treat, Dewey, Ewer and Lowden 
were appointed as a committee on nominations for the next 
board of directors and committee on publications. 

The following papers were presented to the meeting: 

a. The Carleton College Observatory, by the director, Pro- 
fessor W. W. Payne. 

b. The August Meteors, by W. H.S. Monck, Dublin, Ire- 
land. 

c. Corrections to Watson’s Theoretical Astronomy, by W. 
W. Campbell, Ann Arbor, Mich. 

d. Notes on Dark Transits of Jupiter’s Satellites, by John 
Tebbutt, Windsor, N. S. W. 

After reading of papers the meeting adjourned to March 
28th, 1891. CHARLES BURCKHALTER, Secretary. 


ASTRONOMY IN 1890. 


The last year was one of as great activity in astronomy 
as any of its recent fredecessors. Interest has been general 
in all the prominent lines of research. The study of the sur- 
face markings of the planets has been fruitful and has given 
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some definite results of a surprising character. Special 
studies of the surface of Mars continued from 1888S through 
the favorable part of the opposition of 1890 confirm the 
discoveries of Schiaparelli in regard to the “canals” of 
Mars. A more favorable time for the study of the wonder- 
ful surface marking of this planet will be in the year 1892, 
when it will be much nearer the earth and in better position 
for observation in northern latitudes. Very general prepar- 
ations will be made for exhaustive work one year hence, 
that some of the questions raised by the discoveries of 
Schiaparelli may be settled. On the surface of Jupiter, Mr. 
Keeler, of Lick Observatory, finds some spots in the great 
northern belt whose shape and color are significant. The 
cloud formation abeut the great red spot, as observed in 
October last by the aid of the great telescope, gives added 
data of unusual value. The most wonderful advance in 
knowledge, however, concerning the planets comes from the 
discoveries of Schiaparelli in regard to the rotation periods 
of the planets Mercury and Venus. The time of rotation of 
each of these planets has been believed to be about twenty- 
four hours, from earliest knowledge of surface markings. 
But the studies of 1889 and 1890 have definitely settled the 
point that the period of rotation in each case must be near- 
ly the same as the time of revolution around the sun. At 
first thought it may seem very strange that astronomers 
should not have found out so important a fact as this long 
ago. Those only who try to observe these planets and fix 
upon definite surface features, know how difficult it is to 
make trustworthy observations on account of the strong 
sunlight reflected from their surfaces. Details are generally 
obliterated except a few prominent markings near the mar- 
gin of the lighted portion of the planet’s disc. 

Thirteen new minor planets were discovered during the 
year 1890. The first, Glauke (No. 288), was found by 
Luther of Hamburg, Feb. 24, 1890. The remaining twelve 
were discovered by Charlois of Nice and Palisa of Vienna, 
each finding six. All the new asteroids of the year 1890 are 
yet without names except the first. The number of the 
latest discovery is 301 for last year. During the last month 
two later discoveries are reported and will be found else- 
where in this issue. They are probably new planets, and if 
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so, will make the total number at this writing (February 
23) 303.,, 

The comets of the last year were seven in number. The 
last comet of 1889, discovered by Borrelly Dec. 12, properly 
belongs to the year 1890 because its perihelion passage was 
in January of that year. The following table gives the com- 
mon data for discovery, the time of perihelion passage and 
the longitude of the ascending node denoted by the charac- 
ter 2: 

Designation. Synonym. Date. Perihelion. : 86 


” 


Comet 1890 I. £f1889/(Borrelly). Dec. 12 Jan. 26.869 12 16 00 
Comet 1890 II. a 1890(Brooks). Mar.19 June 1.8414 320 26 08 
Comet 1890 III. b 1890 (Coggia). July 18 July 8.730 14 25 36 
Comet 1890 IV. e 1890 (Zona). Nov. 15 Ang. 7.10021 85 29 08 
Comet 1890 V. d1890(D’Arrest). Oct. 6 Sep. 16 146 9 00 
Comet 1890 VI. c 1890(Denning). July 23 Sep. 24.2523 96 25 35 
Comet 1890 VII. # 1890 (Spitaler). Nov. 16 Oct. 26.50833 45 07 51 


A more complete statement of the special characteristics 
of these comets will be published soon, in connection with 
all the useful data known, by means of which astronomers 
may make further study of them for the permanent records 
of science for this year. 

Work in the discovery of new nebula continues active by 
the aid of large telescopes in the hands of a few observers. 
Dr. R. Spitaler of Vienna, Messrs. Keeler and Barnard of 
Lick Observatory, Dr. L. Swift of Rochester, N. Y., and 
Professor Ormond Stone, Virginia. Dr. Swift’s Eighth Cat- 
alogue of new nebula, containing one hundred each, was 
published in August, 1889. We have learned from private 
letters that he is already at work on the tenth catalogue, 
although we are not aware that the ninth has yet been 
published. 

In the field of variable star work S. C. Chandler of Cam- 
bridge, Mass., and E. F. Sawyer of Brighton, Mass., are 
indefatigable workers. Mr. Chandler’s Catalogue of Var- 
iable Stars published in 1888 was the most complete piece 
of work of the kind known to astronomy. During the last 
year a supplemental part to this first catalogue was pub- 
lished which largely extends the number of new variable 
stars and in other particulars improves our knowledge in 
this new branch of astronomy. Other observers of prom- 
inence are Paul S. Yendell of Dorchester, Mass., John G. 
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Hagen, S. J., Georgetown, Mass., and by the aid of photog- 
raphy especially the observers at Cambridge, Mass.* 

By means of the spectroscope and by the aid of photog- 
raphy some of the most wonderful results pertaining to 
variable stars and binary systems have been determined re- 
cently, so that now apparatus in these two lines of work is 
being called for and manufactured as never before. 

The question whether or not the latitude of a given place 
changes has received considerable attention from prominent 
astronomers in different parts of the world during the year 
1890. This question was started several years ago, and 
the more it is examined, the more need there seems to be for 
a thorough, systematic study of it, by competent observers 
favorably situated in different countries with facilities for 
definitive tests. Such work will probably be undertaken 
during the present year. The study of the question so far is 
unsatisfactory, because astronomers whose opinions are en- 
titled to most weight do not agree. This state of things. 
may not be the fault of the astronomers, but rather it may 
be due possibly to the want of sufficient data upon which to 
base a general judgment broad enough to include and to ex- 
plain all known facts. 

Some very important books on different themes in astron- 
omy have been published during the last year. Wecan now 
name by title four of the most important ones that we have 
seen. The “ Meteoritic Hypothesis,” by J. Norman Lockyer, 
published by Messrs. Macmillan & Company. ‘The Sys- 
tem of the Stars,”’ by Agnes M. Clerke, published by Messrs. 
Longmans, Green & Co.; ‘‘ Die Spectralanalyse der Gestirne,’” 
by Dr. J. Scheiner, published by Wilhelm Engelmann, Leipsic, 
and ‘Tycho Brahe,” by J. L. F. Dreyer, director of the Ar- 
magh Observatory, and published by Messrs. Adam and 
Charles Black, Edinburgh, Scotland. 


THE SPECTER OF THE BROCKEN. 


J. M. SCHAEBERLE.* 


FOR THE MESSENGER. 
The astronomers on Mt. Hamilton frequently have the op- 
portunity of viewing their own shadows cast upon the fog 


* Astronomer at Lick Observatory. 
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when the sun is at a low altitude. Ordinarily the only phe- 
nomenon which is at all striking is the bright ring or halo of 
light in the center of which the apparently unenlarged shad- 
Ow appears projected. 

A short time ago, however, I was favored with the rare 
and truly imposing phenomenon of ‘‘The Specter of the 
Brocken.”’ I was standing on the northwest corner of the 
Observatory grounds—in a fog through which the rays 
of the setting sun would, every now and then, find free 
passage — watching the phenomenon of the appearance 
and disappearance of my shadow in the fog which, ap- 
parently, completely filled the great cafion (out of which 
the northern slope of Mt. Hamilton rises quite abruptly) 
and hiding everything beyond. Suddenly the image seemed 
to grow to enormous proportions, and, in outline, it ap- 
peared to be standing on the familiar mountain which, on 
the other side of the cafion, rises to a height of more than a 
thousand feet, and distant from the Observatory about one 
mile. Nearly the whole of this mountain was now lit up by 
sunlight and visible through the fog (which was probably 
only a few yards from me) against which my shadow was 
projected. I raised my arm—the arm of the phantom image 
immediately stretched over an extent of familiar ground 
which from experience we know would require a good quar- 
ter of an hour to pass over on foot. While I was mentally 
trying to determine the scale of the image (which seemed to 
have a height much more than a thousand feet), it suddenly 
dwindled down to its natural size—the distant mountain 
was lost in the fog, and a few moments afterwards I was 
surrounded by the same envelope. 

I very much regretted not having a camera with me at the 
time, as it would be interesting to know whether the same 
illusion would be reproduced on the photographic plate. 

The psychological modus operandi of this particular case 
seems to be so simple that I suggest the following explana- 
tion: 

The penumbral outline of the shadow cast by the sun is 
such that in assuming the outline to enclose a real object it 
becomes impossible to estimate the distance (and conse- 
quently the size) by means of the usual unconscious focal ad- 
justment of the eyes. The subjective effect is such as to give 
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nearly the same impression as would be produced by view- 
ing a sharply defined distant object with the eyes focussed 
on a point in space but a few yards distant. The outlines of 
such an object would, of course, be blurred if viewed in this 
way, and there would be a constant tendency for the eyes to 
seek relief. from the strain due to wrong focal adjustment. 
and such a sensation would most naturally be produced by 
the blurred outline of the actual shadow the moment a dis- 
tant terrestrial object became visible in the same direction. 
The phantom image would at once be formed in the distant 
well known but dimly defined view, especially when, as in 
my case, one is not accustomed to seeing a human outline 
suspended in air over an immense cafion. 

The scale of the phantom image will vary directly as the 
distance of the well known terrestrial object, and nearly in- 
versely as the distance of the fog (shadow) from the ob- 
server. 

I now venture to suggest that a somewhat similar expla- 
nation will account for the curious phenomenon which causes 
the moon to appear apparently much larger when rising or 
setting than it does when the altitude is considerable. 

The outline of the moon is, of course, sharp and distinct, 
but, on account of insufficient illumination, terrestrial ob- 
jects will apparently have more or less blurred or penumbral 
outlines, which tend to produce the subjective effect of caus- 
ing these objects to be apparently so near that, compared 
with their usual distance, they appear to be out of focus for 
distinct vision. The effect of apparently diminishing the 
known distance of terrestrial objects without increasing 
their angular magnitude, is, of course, such as to cause an 
apparent magnification of the moon’s disc. 

When the moon is at a considerable altitude the direct 
comparison with distant terrestrial objects is not so readily 
made, but it is evident that on account of the increased illu- 
mination the outline of terrestrial objects will be much 
sharper, and, consequently they will appear to be more 
nearly in their normal positions. 

Mt. Hamilton, Feb. 16, 1891. 
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A PERSONAL EQUATION MACHINE. 


Doubtless most of our readers understand that, in noting 
the times of transit of a star across the lines of a transit in- 
strument, all observers are liable to systematic as well as ac- ° 
cidental errors. One observer will always note the time too 
early, another will always note it too late, and this differ- 
ence between the true time and that which is observed is 
called personal equation. It frequently amounts to a con- 
siderable fraction of a second, even when a chronograph is 
used for recording the time, and it is not always the same 
with the same person. It varies with the physical condition 
of the observer, with the temperature, and, in some cases, 





with the apparent speed of the star across the field of the 
telescope; probably also with the brightness of the star, the 
illumination of the field of view, and the distinctness of the 
lines in the transit instrument. 

One can easily see, therefore, how important it is, in the 
more delicate operations involving transits of stars, such 
as the determinations of longitude and of the fundamental 
right ascensions of stars, that there be an independent 
means of determining the absolute personal equation of each 
observer at the time when the observations are made. 

The accompanying cut is a reproduction of a photograph 
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of a personal equation machine recently constructed for 
Carleton College Observatory by Mr. E. Kahler, of Wash- 
ington, D.C. It was designed by Professor J. R. Eastman, 
U.S. N., the first instrument having been constructed in 
1875. It may be briefly described as an apparatus by which 
an artificial star is made to cross a reticule of lines corre- 
sponding to those in a transit instrument, alternating in 
direction from right to left and from left to right, automati- 
cally recording the time of transit of the artificial star 
across each line, and permitting the observer also to record 
the observed time of transit at the same time. 

The light of the artificial star is produced by means of a 
lamp, shown at the right side of the cut. This light passes 
through a lens in the front of the lamp, then through a rec- 
tangular prism, turning a right angle to a diaphragm which 
is pierced with a small hole of any desired size, to represent a 
star of any magnitude. The ray of light thus transmitted 
passes across the top of the instrument through a sliding © 
tube and lens, by means of which it is focussed upon a ground 
glass screen in contact with the reticule, seen in the center of 
the cut. The observer views the reticule and star through 
the tube at the left side of the cut. This tube contains no 
lenses, but may be adjusted to different lengths to suit differ- 
ent eyes. At the eye-end of the tube, a little 45° prism is 
placed on a lever, so that when desired it may be inserted in 
the line of sight in such a way that the star may be made to 
move apparently in any desired direction, enabling the ob- 
server to test the existence of an error depending on the 
direction of the star’s motion. 

The motive power is an ordinary clock movement which 
may be indistinctly seen in the cut. The minute’sshaft is ex- 
tended upward and carries at the top a pinion, the teeth of 
which have been cut away from a little more than half of 
the circumference. This pinion, turning between two racks, 
moves the frame carrying the diaphragm and lens, which 
produce the artificial star, alternately forward and back- 
ward. The seconds shaft is also extended so that fans of 
different sizes may be attached to it, regulating the motion 
of the artificial star to any desired speed. 

In order to produce the automatic record, the wires ofa 
chronograph circuit are connected, the one with the mov- 
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able hoon carrying the artificial star, the other w ith a fixed 
plate beneath the reticule. The under side of the fixed plate 
is of platinum and has anumber of grooves corresponding to 
the lines of the reticule. The grooves are filled with shellac. 
An arm from the movable frame presses the point of an ad- 
justable style against the under side of the fixed plate, thus 
closing the circuit with the chronograph except when the 
point of the style crosses the grooves. The observer makes 
his record by means of the observing key which is used in 
regular observations. 

Several diaphragms are furnished with the instrument, so 
that we can represent stars of different magnitudes and also 
the planets. Several reticules also are furnished, with lines 
of different width and different intervals. 





CURRENT CELESTIAL PHENOMENA. 


THE PLANETS 


Mercury will be at superior conjunction March 23, so that during this 
month it will be hidden in the solar rays. 

Venus is ‘‘ morning star,” rising about two hours earlier than the sun. 
She is now only a little more than half as brilliant as in January, the light 
number decreasing during the month from 125 to91. The illuminated por- 
tion of the disk increases in the same time from 0.580 to 0.698. The diam- 
eter will be 21” March 1, and 16” April 1. 

Mars can still be seen in the evening until half past nine. The bright 
red star which one sees towards the southwest in the middle of the zodiacal 
light at seven o’clock and later is the planet Mars. It is, however, too dis- 
tant from the earth to be satisfactorily observed. 

At the December meeting of the British Astronomical Association Mr. 
Green delivered a lecture on ‘‘The Canals of Mars,” in which he criticised 
somewhat Schiaparelli’s drawings, as lacking in accuracy from an artistic 
standpoint. In the course of his lecture he says: ‘‘I have thus, I think 
shown conclusively that the larger forms in Schiaparelli’s drawings differ 
considerably from the forms in which the same markings are represented by 
other observers, and also that they differ amongst themselves. I might 
add that I could have established my point just as readily from the draw- 
ings of De La Rue, Lockyer, Trouvelot, Terby, Knobel, Niesten, or Kaiser 
as from those which I have selected.” 

‘‘Now, a very interesting question comes before us. What were the 
forms that the observer at Milan did see,—for he must have seen something, 
—which form the basis of these canals. A careful examination will partly 
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answer this question. I have in my hand a drawing by’ Schiaparelli of the 
1877 series, in which the ‘Oculus’ is on the meridian. From this, passing 
directly south, is a faint piece of soft shading. In the 1879 map this is 
drawn as two hard lines, and in 1882 with one sharp line, so that we have 
three methods of representing a single form. Now when I was at Maderia 
in 1877 I had some especially fine views of this portion of the planet, and 
had there been anything resembling these lines, I must have seen it. It 
may be objected that others have seen them, so that they must be there. 
That other observers have seen whatever forms the basis of these lines I do 
not for a moment doubt, but I feel thoroughly convinced they have not 
drawn what they have seen, or, in other words, have turned soft and indef- 
inite pieces of shading into clear, sharp lines.” [Journal of British Astro- 
nomical Association, December, 1890.] 


210° 


BOOTES 





PaTH OF URANUS AMONG THE STARS IN 1891. 


Jupiter is now “morning star” rising*about half an hour before the 
sun. In the latter part of the month it will be visible for a short time be- 
fore sunrise each clear morning. 

Saturn will be at opposition March 4, so that it is now in its most 
favorable position for observation. This is the bright yellow star which 
we see toward the east in the early evening, in the southeastern part of the 
constellation Leo. The diagram which we gave in our last number shows 
that Saturn is now apparently moving westward, and will continue to 
retrograde until May 1. The earth is now nearly 4° below the plane of the 
rings and this depression will increase until May 1 when it will be 5° 29’. 
The sun is about 3° below the plane of the rings. In a telescope of low 
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power the rings can hardly be distinguished as such, but appear like a 


straight bar of light passing through the center of the planet, and extend- 
ing out from it on each side. 

Uranus may be observed after ten o’clock in the evening. We give this 
month a diagram showing the path of this planet among the stars of 
Virgo during the remainder of the year. The constellation Virgo rises in 


the southeast about nine o’clock. 


with the faintest stars shown in the cut. 
Neptune is toward the west in the evening, between the Hyades and 


Pleia 


des. 


Uranus is about equal in brightness 


He is moving eastward now and will during the latter half of 


the month pass by, to the north of, the two eighth magnitude stars with 
which he has so long been in the same field of view. 
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Phases and Aspects of the Moon. 
Come Time. 
m 


First Quarter. 1891 Mar. 17 3 10a.M. 

“ 22 3 40P.M. 

Full Moon ; < a T 32aM. 
Last Quarter Apr. 21230 “ 
i - 77S 26"* 

New Moon = 8 2 57P.mM. 


Occultations Visible at Washington. 
IMMERSION. _EBMERSION. 

Star’s Magni- Wash. Anglef'm Wash, oe. aa Dura- 
Name. tude. Mean T. N.P’t. Mean T. N.P tion. 
h m = hm 93 hm. 
«121 Tauri 6.0 10 15 156 10 42.5 205 O 27 
..A Geminorum 5.7 8 17 95 9 44.1 288 3 37 
...02! Scorpiit 4.6 10 14 62 10 50.0 350 oO 36 
...@9? Scorpiit 4.6 10 27 96 II 27.0 316 I 00 
Apr. 11...c? Tauri¢ 6. 3 9 47 126 10 23.6 217 © 37 

+ Immersion below the horizon of Washington. 

~ Emersion below the horizon of Washington. 





Minima of Variable Stars of the Algol Type. 


[The times are given, to the nearest hour of Central Time, of only those 
minima which can be observed in the United States. ] 
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Mr. Marth’s Ephemerides of Saturn’s Satellites. 


[Reduced to Central Time; from Monthly Notices, Vol. LI. Nov. 1890; Di = Dione; 
En. = Enceladus; Mi. = Mimas; Rh. = Rhea; Te. = Tethys; Ti. = Titan; ec = conjunc- 
tion with the center of planet; f= conjunction with following end of ring; p = conjunc- 
tion with proceding end: n = north; s = south of the major axis of the ring; e = eastern 
elongation: w = western elongation.] 
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Rh. fn | April5 10.1 p.m. Mi.fn | April 10 2.6a.m. Di. pn 
En. ps | 6 12.1 a. m. Di. fs 3.2 Te.e 
Di. pn 12.8 Te. fs 3.1 p.m. Di. w 
Mi. fs 12.6 p. m. Di.e 3.1 En. fn 
Te. ps 3.3 Mi. fs 3.2 Mi. fn 
En. fs 3.6 Rh. pn 6.0 Te. pn 
. Tee 4.4 Te. fn 6.7 Rh. fn 
Mi. ps |} 6.8 En. pn 9.1 Mi. pn 
En. pn 8.7 Mi. fn 9.5 En. pn 
Mi. fs 11.4 Te. pn 1l 19a. m. Te. w 
Te. fn 7 11a.m. Di. fn AS Tit. inf 
Di. ps 2.0 p. m. Mi. fs c. n. 18’" 
Rh. w 2.2 Rh. w 4.7 p.m. Te. fs 
En. ps 3.1 Te ps 7.7 Mi. pn 
Mi. fn 7.4 Mi. fn 11.9 Di. e 
. Te.w 9.4 Di. w i 12 12.0 a. m. En. fn 
Mi. ps 9.5 En. fn 12.5 Te.e 
Tit. 10.1 Te. fs 3.3 p.m. Te. pn 
sup. c. 8. 17’’ 8 12.7 p. m. Rh. ps 44 En. ps 
6.7 En. fn 1.7 Te. fn 6.4 Mi. pn 
6.9 Di. e 1.8 En. ps 8.2 Di. pn 
7.5 Mi. fs 5.7 Di. fs 10.8 En. fs 
sb Te. ps 6.0 Mi. fn 11.2 Te. w 
4 12.4a. m. Rh. ps 8.1 En. fs 13 2.0p m. Te. fs 
12.9 Mi.fn | 8.7 re. pn 3.2 En. pn 
1.1 En. pn 9.7 Rh. fs 5.0 Mi. pn 
3.2 p.m. Di. pn 11.9 Mi. pn 9.3 Di. ps 
5.5 En. fs 9 12.4 p.m. Te. ps 9.8 Te.e 
6.1 Mi. fs 12.6 En. pn 10.4 Mi. ps 
4 7.1 p.m. Te. fn 4.6 Mi. fn 14 12.1 p. m. Te. pn 
11.5 Mi. fn 6.8 Di. fn 3.6 Mi. pn 
5 2.1a.m. Te. pn 7.4 Te. fs 5.6 Di.e 
4.3 p.m. Di, fs 8.1 Rh. e 5.7 En. fn 
4.7 Mi. fs 10.5 Mi. pn 8.5 Te. w 
5.8 Te ps 10.7 En. ps 9.0 Mi. ps 
8.0 En ps | 











APPARENT ORBITS OF THE SEVEN INNER SATELLITES OF SATURN, May 17, 
1891, as SEEN IN AN INVERTING TELESCOPE. 
(The Vertical Scale is Twice the Horizontal One.) 

A new minor planet of the twelfth magnitude was discovered by 
Charlois, of Nice, February 11.4088, having right ascension 9" 51™ 35*.1 
and declination + 14° 53’ 38”. Daily motion is right ascension, — 13’, 
and declination, — 4’. Possibly No. (302). 


A new minor planet of the twelfth magnitude was discovered by Millos- 
evich, February 12.503 in right ascension 9» 51™ 26%; in declination, + 16° 
52’ 41”. Daily motion in right ascension, — 13’, in declination, — 3’. 


A new minor planet of the thirteenth magnitude was discovered by 
Palisa, of Vienna, February 14.575, with right ascension 105 33™ 8* and 
declination + 6° 46’. Daily motion in right ascension, — 22’, and in dec- 
lination, — 8’. — 
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Another asteroid of the eleventh magnitude was discovered by Charlois, 
of Nice, February 16.629, the right ascension being 9" 41™ 32°, the declina- 
tion, + 7° 2’ 24”. Daily motion is — 12’ in right ascension; in declination, 
— 5’. 


COMET NOTES. 


Ephemeris of Comet 1890 II (Brooks, March 19). From Berherich’s 
elements as given in A. N., Vol. 124, p. 301, I have computed the following 
ephemeris: 

Gr. M. T. App. R.A. App. Dec. Log r. Log 4. 

= ° ’ 


h m 


March 1.5 10 50 48 +36 29 0.5653 0.4437 
3.5 45 59 36 26 
5.5 41 15 36 24 0.5695 0.4510 
7.5 36 37 36 19 
9.5 oe 36 15 0.5736 0.4593 
11.5 27 44 36 7 
13.5 23 29 36 «1 0.5776 0.4684 
15.5 19 23 35 52 
17.5 15 25 35 42 0.5817 0.4782 
19.5 11 36 35 31 
21.5 7 56 35 20 0.5857 0.4886 
23.5 4 26 35 7 
25.5 10 tf & 34 54 0.5896 0.4995 
27.5 9 57 55 34 40 
29.5 54 53 34 26 0.5935 0.5106 
31.5 52 0 +34 11 


O. C. WENDELL. 
Harvard College Observatory, Feb. 14, 1891. 


In an article in THE MessENGER for February the periodic comets 
that are expected to return to perihelion during the present year are 
mentioned. I find that Tempel’s comet, discovered in 1867, is included in 
the list. 

In No. 2656 of the Astronomische Nachrichten Professor Gautier has 
given the result of his work on the orbit of this periodic comet, and explains 
the large perturbations it received from 1879 to 1885. 

The following are the elements as determined by Professor Gautier: 


T = 1879, May 7.4418 Berlin M. T. T = 1885, Sept. 25.7649 
GO = Te 4¢ se" = 2 fe = 
wo —159 38 24 @m—168 57 41 
i= © 4 It i= 10 && 
@=— 27 32 29 @= 7% &8 &7 
= 593”.140 fs = 545.3073 
loga= 0 .517900 loga= 0 .642244 


By comparing these elements it wil be seen that the comet was greatly 
perturbed during the interval from 1879 to 1885, and that its return in the 
latter year was retarded about 148 days. If the perturbutions that have 
occurred from 1885 to the present time have been small the comet will 
not return to perihelion until the early part of 1892. 

The error in predicting the return of the comet in April of this year has 
probably originated in using the elements for 1879, instead of those deter- 
mined in 1885. Geo. A. Hit. 

Washington, D. C., February 11, 1891. 








148 The Sidereal Messenger. 





Periodic Comets soon Due at Perihelion. We give this montha chart 
of the orbits of the periodic comets which are due at perihelion in 1891 and 
the early part of 1892, with the orbits of the Earth, Mars and Jupiter. 
The orbits are plotted as if they were in the plane of the ecliptic, but those 
portions which lie below the plane are represented by dotted lines. The 
places and dates of each comet’s nearest perihelion and aphelion passages 
and also its place in orbit on March 1,1891, are shown upon the chart. In 
calculating these places and dates we have used the best elements which we 
could find at hand, thé authorities being Bossert, Astr. Nach. 114-95, 
Thraen, Astr. Nach., 117-65; Gautier, Astr. Nach., 111-241; von Haerdtl, 
Astr. Nach., 126-171, and Young’s General Astronomy 532. The place of 
the earth at the beginning of each month and that of Jupiter at the begin- 
ning of each year are shown on the chart. 
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An inspection of the chart shows that Tempel’s comet was near to 


Jupiter in 1881 and 1882 and for two years must have suffered strong per- 
turbations. Mr. Gautier calculated that the perturbations would retard 
the perihelion passage in 1885 about 148 days. The period would be 
changed from 5.98 years to 6.51 years. This comet was not detected in 
1885 because, probably, of its unfavorable position. No serious disturb- 
ance of its path should have occurred since 1885, so that, if Gautier’s ele- 
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ments are correct, it should be at perihelion in February, 1892. It will then 
be as unfavorably placed as in 1885. 

The first to reach perihelion this year will be Wolf's comet 1884 III, due 
Aug. 28. It wasat aphelion in 1888, but was so far behind Jupiter that 
but little change may he expected from his influence. It was observed for 
seven months in 1884 and, although not quite so favorably situated this 
year, ought to be easily found in June or July, as it was a rather bright 
telescopic comet. 

Encke’s comet will be the next to come to perihelion, Oct. 17, but will 
then be almost behind the sun. It may be seen in September and the first 
days of October. 

In our hastily prepared note last month we inadvertently said that 
Temple-Swift’s comet would probably not be detected. A glance at the 
chart shows that this comet will be very favorably situated in November, 
being opposite the sun, and approaching within about 10,000,000 miles of 
the earth. It was in 1880 a faint diffuse object, several minutes in diame- 
ter, and it was observed for fourteen weeks. It ought this year to be 
picked up in August and to be followed at least six months. 

Winnecke’s comet was quite near to Jupiter in 1882 and 1883 and its 
orbit was considerably changed at that time. Its perihelion passage in 
1886 was considerably retarded. This comet is now about four times as 
far distant as the sun, vet it is possible that some of the great telescopes 
may be able to bring it to sight. In Astr. Nach. No. 3011, Dr. von Haerdtl 
has published an ephemeris for January of this year, which had previously 
been forwarded to Messrs. Barnard, Perrotin and Palisa, observers who 
have the use of giant telescopes. We have not heard yet that any of them 
have been able to detect the comet. At its perihelion passage in June, 1892, 
it will pass quite near the earth but at the the nearest approach will be in- 
volved in the rays of the sun so as not to be seen. For two months be- 
fore perihelion it will be very favorably situated for northern observers. 


A Magnificent Meteor. On Wednesday evening, Jan. 28, at 8 o’clock 
local mean time, a meteor of remarkable brilliancy was seen from the Ob- 
servatory of the University of the Pacific. The path described was from 
the Pleiades to Mira in Ceti, where it divided into three parts. The bril- 
liancy greatly exceeded that of the electric lights shining on the Alameda at 
the time. The coloration was that of magnesium. T. C. GEORGE. 

College Park, California, Jan. 31, 1891. 


Prominences in January. 


Date. Position Angles. 
GRIN ics cessssehcvcacaendengigtensins ss doucnagniendbaates tuasdacddigaedéxberinasebes 135, 228, 327 
UN civics coscuciala dandupetivivaetcmandecsaskais badass tabisatnasietlaatcisens 74, 123, 220, 309 

TN iva vicacistecentcetcemselane pebeanincusiiaeshipisdclsselbesklebsspeavennan 51, 55, 220 

DRO wi secaskdscandenstutbndesdamanksdcesaens taeaad digi aabdan itaaajnbes 47,51, 71, 76,138 

(No examination beyond 140° on account of clouds.) 

BEUUD cictaiacssacskchecdshesicecddsgsngateceasuatbpasacstbaatatbwetdeusiberettioe 45, 60, 65, 75 
acdsee racdecsccntettndesqeccuskniscnbadsasectbisounsasthicovecsdacddatects 35, 128, 223, 313 
wasonbdecasssasuenosssacnedadssauasesbeedsdusbuseeudssenteseesssnutuesecscnies 135, 228, 240 

edaecsscesenceccessuadescoccsousenetsccsossaceos 33, 220, 230, 256 





..30, 205, 227, 300 
25, 41, 57, 107, 134, 209, 215, 220, 290, 294, 312 
dacnddccumcelonentaieasnctdaddacamsbeudacbsiabed 55, 105, 135, 215, 308 


subevadtecsaiansaccesnssdssadsodsehadedeuteesencusdutncobetinesesaseiséisisenecs €0 37, 208, 313 
Camden Observatory, Feb. 1, 1891. 
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Sun Spot Observations, Alta, Iowa. (Continued.) 
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12:00 m. | 2} ?| Poor. Atmosphere too unsteady to count spots. 
iziopm § 2/ ?| Poor. “ sad a8 = * “ 
1:2,am | 2/8 | Good. Larger groups near SW. limb surrounded by faculae. 
Other groups. 3%small spots 1 day E of meridian. 
1:20am _ 2/10 Fine. New spots forming in groups on meridian. 
1:goam 3/5 | Good. Group on W. limb with brilliant faculae is disappear- 
ing by solar rotation. New groups on E. limb 
11:22am |_ 0} 0} Good. Apparently clear disc. [with large area, faculae. 
1:30pm 0/0 Good. | % groups faculae W. 
iz10pm o/]o0)} Good. Clear disc. 
11:238m 1) 2/ Poor. Group NE. 
30am 1/1) Fair. Group vanishing 
m oo. Good. Small faculae by rotation E. limb. Spot formed in 
mj 1j|1| Fair. Faculae NW. {faculae on E. limb. 
m o/} oj, Bad. Dense haze. Faculae on NW. limb. 


Alta, lowa, 


Davip E. HappDEN. 
Feb. 14th, 1891. 


Sun Spot Observations, made by Caroline Furniss, student at Vassar 
College, with 


a three-inch Clark telescope. 
DECEMBER, 1890. 
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College Sun Spot Observrtions. (Continued from page 102.) 





Z| = Observer. REMARKS. 
nD = 
13 | 1gr. C.R.W. One conspicuous spot. New group with faculae NE. 
wir” | H.C. W. 
se ee oy 
1 Cc. R. W. 
21 = New group with 17 spots. 
20 ‘ey New group near center with 8 spots. 
10 1@r. 
12 H.C. W. | One large group containing 8 spots. Other groups 
12|1@r. | C. RB. W. {very small. 
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NEWS AND NOTES. 


Regular mailing day for THE MESSENGER, for each month, is the last 
day of the preceding month. If subscribers do not receive THE MESSENGER 
promptly after such mailing date, please notify the publisher and the want- 
ing numbers will be supplied. 


The new universal spectroscope constructed for the 16-inch telescope for 
Carleton College Observatory is now nearly completed. It will be ready 
for laboratory use in a few days. Mr. Brashear, of Allegheny, Pennsylva- 
nia, is the maker. 


We have received an excellent article from Professor Lewis Boss, Di- 
rector of the Observatory at Albany, N. Y., with title, ‘‘An Irrepressible 
Conflict.”’ It is a brief history of the management of the United States 
Naval Observatory. It will appear in our next number. 


Attention is called to the new advertisement of The E. Howard Clock 
and Watch Company of Boston and New York. We are glad to notice 
that this old and reliable company offers clocks with electrical attachments 
for use in transmitting time-signals for railway purposes. Particular 
notice of this fact is given to the officers of railway companies everywhere. 
If they desire to obtain their time from local observatories this can be 
done by the use of these clocks, which we know will give better service than 
that which the Western Union Telegraph Company can do through its 
Pond clock that is being industriously pushed in the large cities for this 
purpose. 


Time for Railways. We have seen the working of this mongrel time 
system by the tri-partite arrangement between the U. S. Naval Observa- 
tory, the Western Union Telegraph Company and a certain clock company 
in New York for the last year, for we effected an arrangement whereby we 
could know of the reliability of the service in comparison with the North- 
field time daily, and, as was expected, it proves unworthy of the confidence 
of those who must have accurate time in business. A jeweler as a time 
keeper in regulating watches, taxes a regulator as severely as an observa- 
tory does its time-piece in fundamental work, and the fact that any jeweler 
should be misled by the supposition that he is getting Washington time 
in any western city necessarily because the ‘notice’ on the clock case says 
sO, is a great surprise to anyone who takes the trouble to find out what 
the facts are. The difficulty is not so much in the time itself when it is 
received by jewelers as it is in the reliability of the transmitting clock to 
give it when recieved on the wire. The Pond correcting or synchronizing 
apparatus, by which the work of setting the local clock is done, is one of 
the poorest that to our knowledge, has ever been put to public use. This 
is the main reason why local time by this system is so unreliable. 
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The Howard Clocks for local telegraphic signals and service for rail- 
ways and jewelers will do away with the cause of bad service mentioned 
above, because they are better clocks and their synchronizers are reliable. 
As for the time it is a well known fact in observatories that the Western 
Union Telegraph Company appropriates the local time of local observa- 
tories to their own use whenever they care to do so and thus obviate the 
need of transmitting the Washington time long distances. Astronomers 
can very easily know when this is done, for they have means of proof, and 
we know it has been done repeatedly in the west, and local officers of the 
telegraph company admit it. But the practice of seizing the local time 
which is the property of local observatories still continues. 


New Variable Star in Camelopardalis. [Communicated by Edward C. 
Pickering, Director of Harvard College Observatory.] The photometric 
measures of DM. + 62° 596 made at this Observatory were discordant and 
differed greatly from the magnitude 6.6 given in the Durchmusterung. 
This star is Dunér II, 7, whose approximate position for 1900 is in R. A. 
35 33.2™, decl. + 26° 20’. Photographic charts of this region were there- 
fore taken to determine whether the disagreement was due to errors in 
measurement, or to variations in the light of the star. The latter proved 
to be the case, since charts taken on Jan. 3, Feb, 13, April 1, April 5, April 
11, April 16, Oct. 15, Oct. 17, Nov. 19, Nov. 25, Dec. 5, 1890, Jan. 16 and 
Feb. 1, 1891, give the approximate magnitudes 7.4, 7.5, 7.5, 7.3, 7.5, 7.5, 
< 8.7, 8.1, 8.5, 8.5, 8.8, 8.1 and 7.8 respectively. A correction of — 3.6 
magnitndes has been applied to the photographic measures of this star to 
render them comparable with visual observations. The star DM. + 53° 
2684, magn. 8.6, announced as a variable by the Rev. T. E. Espin in Circu- 
lar No. 28 of the Wolsingham Observatory, has been measured on five 
charts. They were taken on Dec. 16, 1887, Sept. 1, Sept. 29, Dec. 7, 1890, 
and Jan. 15, 1891, and gave the approximate magnitudes 10.2, 10.7, 10.8, 
10.4, and 10.0 respectively, thus confirming the variability of this star. 


Harvard College Observatory, \ M. FLEMING. 
Cambridge, Mass., Feb. 11, 1891.f 


Saturn in 1891. Those who are interested in reading the continued 
article from the pen of Professor E. L. Trouvelot on the phenomena observed 
upon Saturn at the time of the passage of the sun and of the earth through 
the plane of its rings in 1877-1878, will find the most complete series of 
observations of certain features of the ball and rings of Saturn that we 
know of anywhere. They are so instructive and will be so useful to those 
who wish to make the system of Saturn during the present year the object 
of special study that the entire long paper has been translated from the 
French for THE MESSENGER. The concluding part of it will appear in the 
April number. Teachers of astronomy will find the article helpful. 


Hathorn Observatory, Saratoga Springs, N. Y. Some fine drawings of 
Jupiter, as seen and drawn by F. J. del Corral, Nov. 16, 1890, have been 
shown us. The work shows much detail for a six-inch telescope, and the 
hand of the artist in its neat execution in India ink. We will give a fuller 
report of work at this Observatory next time. 





News and Notes. 


Sunspot Observations. In view of the great nnmber of sunspot obser- 
vations that come to hand for publication, from month to month, and the 
very considerable space required for them by the different forms of observa- 
tions chosen by different persons, it has been thought best, in the future to 
print this matter in another form, as an appendix to THE MESSENGER to 
be given once in three months. The data requested are dates of observation 
in central time, number of groups of spots, number of spots, definition, ob- 
servers, and remarks. The first appendix will appear in June. If observers 
will send us all unpublished observatious for this year to that date we will 
try to arrange them in suitable form for publication. It is hoped that 
great pains will be taken by all observers to obtain accurate data. We 
have noticed unexpected disagreement in some observations of the past. 

Annals of Harvard College Observatory, Vol. 23, Pt. 1. This part of 
volume 23 of the Observations of Harvard College Observatory is devoted 
to the discussions of observations made with the Meridian Photometer 
during the years 1882-8, the report being made by Professor E. C. Picker- 
ing and assistant O. C. Wendell. The frontispiece is a fine, large picture of 
the Meridian Photometer, then follows a description of the instrument, de- 
tailed statement of the results of work, discussion of observations of stand- 
ard circumpolars tars and atmospheric absorption and discordant obser- 
vations. At the close of this part, the remarks on the comparison of 
photometric methods are very instructive. The experience of the observers 
in this line of work is shown in the fact that during the last twelve years 
617,287 photometric measures of various kinds have been made. 


New Theory of the Universe. 1n the February number of Lippincott's 
Magazine will be found an article by Charles Morris on ‘‘A New Theory of 
the Universe.” The aim ofthe author is to present the new theory advo- 
cated by J. Norman Lockyer, generally known as the Metoritic Hypothesis. 
His statement in one paragraph is: ‘‘ One striking result of the recent inves- 
tigation appears to be the probable overthrow of that grand nebular hy- 
pothesis which has been of such intense interest to contemplative mankind, 
and which seemed almost as thoroughly based as the theory of gravita- 
tion.” 

In speaking of comets, the author makes the remark that they are not 
daughters of other systems that have escaped and come to us. “To be 
taken prisoner by a solar system is the end, not the beginning of a comet's 
career. Once captured it can never escape again. Every comet probably 
began its life as a rover; all may end as members of solar systems.’’ These 
statements certainly show that the author has not rightly understood the 
writings of astronomers. If he has known it, he has forgotten the history 
of Lexell’s Comet and others that might be mentioned, to say nothing of 
the families of comets belonging to the great planets. We do not think 
that astronomers are ready yet to admit that the nebular hypothesis is at 
all in danger from the valuable work of Mr. Lockyer. The meteoritic the- 
ory must be tested much more thoroughly than it has been so far, before a 
scientist will say, with authority, that the nebular hypothesis is in danger 
of being overthrown by it. ; 
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Special Studies in Mathematics and Astronomy. A three years’ course 
of post-graduate studies in pure mathematics and practical astronomy has 
been undertaken at Carleton College, Northfield, Minn. A class of three 
members was formed in September last, and began regular work in Chau- 
venet’s trigonometry. The first ten chapters of the plane trigonometry of 
that work and the first four chapters of the spherical part have been com- 
pleted and a thorough written examination given on the same. In addi- 
tion to this at least four hours per day, by each student, has been given to 
reductions of the observations by the Meridian Circle in the preparation of 
the regular publications of the Observatery, or, in other similarly useful 
and original work. For such work the student is paid twenty cents per 
hour from the reduction and publication fund belonging to the Observatorye 
On clear nights the students assist in observations, by recording, reading 
micrometers, and whcn in practice sufficiently by making the observations 
themselves. The class is now at work on Howison’s Analytic Geometry, 
reviewing and completing Bowser’s Calculus, and beginning Chauvenet’s 
Practical Astronomy. 


Co-operation among Amateur Observers. The plans recently developed 
by the British Astronomical Association for co-operation of amateur ob- 
servers in the various fields of work open to them is certainly worthy of 
general attention and extended application. The plan of the society is to 
divide such work into sections and place at the head of each section some 
competent person to direct the work of all who become members of it. 
The society has already organized the following sections by name, with di- 
rections for each as given below: 


Section. Director. 
Solar E. Brown 
Lunar Thomas Gwyn Elger 
Jupiter W.R. Waugh 
Colored Star W.S. Franks 
Variable Star J. E. Gore 
Double Star Kenneth J. Tarrant 
Meteoric David Booth 


Each person in charge of a section gives explicit directions to the ob- 
servers and maps out work for them, the results of which are reported from 
time to time, and examined and given such place in permanent records as 
they deserve. It has occurred to us often that some such plan ought to be 
adopted and put into operation in various parts of the United States. 
From the many letters that we have received on this subject it would seem 
that a considerable number of observers in different lines of work would 
gladly co-operate and thereby make it possible soon to collect a volume of 
varied, useful observations that science can not hope to get from astron- 
omers already employed in special work that consumes their whole time 
and energy. We have spoken of this matter and received some letters con- 
cerning it, but scarcely a number large enough to warrant a very general 
preparation for a movement of this kind. Correspondence is still desired. 


Dr. F. Terby of the private Observatory of Louvain, Belgium, has 
kindly favored us with copies of seven different papers or abstracts of 
papers on astronomical subjects, prepared by himself recently. 
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Dr. James Croll. American scientists will be saddened to learn of the 
recent death of the distinguished writer, Dr. James Croll, F. R. S., who had 
reached the seventieth year of his age. It is said that Dr. Croll had 
been suffering a long time from a mortal malady but remained at his work 
almost to the last. Without the advantages of early scientific training, 
Mr. Croll had raised himself from a very humble social position to that of a 
recognized authority in his special subjects, notably those connected with 
the relation of climate to geological phenomena. As further reported in the 
Scientific American it appears that ‘some years ago by the influence of Sir 
A. Ramsey, Dr. Croll, then resident of Clasgow, was appointed an officer of 
the Geological Survey of Scotland. Although best known by his work on 
‘*Climate and Time,”’ he was the author of several others such as ‘‘ Climate 
and Cosmology,” ‘‘Stellar Evolution,” and the Philosophy of Theism. 
The originality of his views frequently brought him into controversy with 


” 


scientific men who, differing from his opinions, learned to respect him as a 
doughty antagonist who had something to say and knew how to say it.” 
Dr. Croll’s investigations brought him into the discussions of certain ques- 
tions in astronomy and, in this way THE MESSENGER more than once was 
chosen as the means of expressing his views to his American friends. 


Vassar College Sunspot Observations. By a late private letter from 
Miss Mary W. Whitney, Director of the Observatory at Vassar College, 
Poughkeepsie, N. Y., we learn that students in astronomy of that college 
have made sunspot observations since 1882, and that the results of ob- 
servation have been platted on squared paper for the purpose of finding the 
maximum of the present period. Miss Whitney has kindly shown us the 
sunspot curve so represented between the years 1884 and 1891, which fixes 
the maximum in January, 1884. We defer reproducing this interesting 
curve in the hope of having it extended backward to the date of 1882, and 
further if possible. This we have already asked for. 


The New Naval Observatory is nearly ready for use, and in view of this 
fact the old question recurs to the minds of those interested in this line of 
scientific work, whether it is not now an opportune time to change the 
administration of the Observatory, and put it under competent civilian 
control. Has not the time come in the history of this government and this 
country, when scientific men should be called to places of large scientific re- 
sponsibility and should be expected themselves to have the control of such 
positions and chiefly because of their peculiar fitness for such work? The 
reasons for such a course are so evident to anyone that it seems useless to 
argue the matter. 


Wolsingham Observatory. We have been favored by a report for 1890 
of work done at Wolsingham Observatory, Tow Law, Darlington, Ireland. 
It embraces search for stars with peculiar spectra. Seventy have been de 
tected during the year, making a total number of 539. Work on the new 
edition of ‘‘Red Stars”’ has been completed and published. Other interest- 
ing matter is found in this brief report. T. E. Espin is Director. 
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Photographic Notes. At the meeting of the Royal Astronomical 
Society on January 9, Mr. A. Fowler made the following statement in re- 
gard to @ Lyre. ‘Inthe face of the facts brought forward by Professor 
Vogel, and the information I have received from Professor Pickering, I feel 
bound to acknowledge that a Lyre cannot be a double star as I suggested 
November last. The facts with regard to my photographs, however, re- 
main as I then stated them, and I have as yet no explanation to give of 
the phenomena.” 

Mr. Isaac Roberts’ photographs seem to leave no room for doubt that 
the great nebula of Andromeda has a variable stellar nucleus; this variable 
can be studied in photographs of fifteen minute’s exposure. 

The Lick telescope has photographed the moon, Venus, Mercury and 
Vega in full daylight. 

““Greenwich Spectroscopic and Photographic Results"? for 1889 de- 
scribes the position micrometer by which solar photographs are measured» 
also explaining the process of measuring. As to the number of such photo- 
graphs available for 1889 the following statement is made: ‘“ Photo- 
graphs were taken at Greenwich on 178 days, and Indian photographs on 
166 days with Mauritius photographs on 16 days have been received from 
the Solar Physics Committee to complete the total of 360 days for which 
there are either Greenwich, Indian or Mauritius photographs of the sun 
available for measurement in 1889.” 

The Draper Catalogue of stellar photographic spectra contains the 
spectra of 10,351 stars. The total number of spectra measured for this 
catalogue was 28,266. The lens was a doublet with which 10° square 
could be covered. The plates used were the Allen and Rowell, and the Seed 
21. In general each spectrum appeared on four plates. The number of 
spectra on a single plate sometimes exceeded 200. 

“‘The dark part of the moon, when the moon’s age is 2.9 days, can be 
photographed with the twelve-inch equatorial with a Seed 26 plate in 
twenty seconds, the complete outline of the dark part just showing with 
this exposure. With forty seconds and seventy seconds the dark part was 
conspicuous and details in it were clearly shown.”’—Astronomical Society 
of the Pacific. 


The Philadelphia Times recently published an ingenious star puzzle and 
offered a gold prize for the best solution, with one hundred prizes of different 
kinds to the various grades of competitors. The puzzle seems to have 
greatly interested the young people. 


M. Fleming of Harvard College Observatory will soon prepare an 
article for this publication on the mode of measuring the Harvard College 
Observatory photographs from which so many important new facts have 
been recently discovered. 


Photographic Mosaics by Edward L. Wilson, of New York, is a neat 
publication of 288 pages, in paper cover, showing the annual record of 
photographic progress for the year 1890. The last year has been splen- 
didly ‘‘ redeveloped.” 
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How to keep an Observing Book. Some good suggestions on how to 
keep a note-book are found in an article on practical work with the tele- 
scope in the ‘‘ English Mechanic” for Jan. 23, 1891. They are as follows: 
For general work it is best to have a separate book for each class of ob- 
servation. For the Observatory an ordinary account book is perhaps the 
most convenient. It should be on a table or desk, near the light shielded 
from the eyes but falling on the book. For delicate work, on colored stars, 
etc., a paper shade of light green or blue should be used which causes the 
light on the paper to be more purely white. The observations will often 
have to be written down quickly and in bad light. As soon as possible the 
observations should be entered in a large note-book. One should be kept 
for each subject, (1) for the sun, (2) for the planets, (3) for the moon, (4) 
for the stars and nebulz and (5) one for casual observation. The note- 
book for the first three of these is best unruled and thus drawings may be 
made. On such pages may be found some of the most exquisitely colored 
sketches of Mars from the manuscript observations of the late Rev. T. W. 
Webb. No photograph can ever do justice to the beauty of the originals. 
Each of these sketches was numbered, and on the opposite page and follow- 
ing pages the description and dates are given; when the page of drawings 
is filled in, another is left, another going on consecutively, for the stars, etc., 
a ruled book is best. This should have a line ruled down from top to 
bottom, and each observation should be numbered in red ink, so that it 
can be at once referred to. At the head of each night’s work the date and 
state of the air may be given. 


Report of the Superintendent of the U.S. Naval Observatory. In his 
report for the year ending June 30, 1890 we notice the following statement 
under the head of Chronometers and Time Service: ‘“ The Observatory 
(meaning the U. S. N. Observatory) has been greatly hampered in this 
branch of its work by the lack of funds. In view of the great importance 
of the ball signals to mariners and others, there should be a system of re- 
turn signals by which the errors in the dropping of the various time balls 
may be measured and given to the public. The system of corrected clocks 
might be advantageously extended to allthe government offices using ac- 
curate and uniform time for the transaction of government business. An 
appropriation is greatly needed for these purposes.” 

‘The fact that the government has never formally adopted a standard 
of time for the transaction of business has led to vexatious complications 
in land entries in territories in various ways and channels too well known 
to particularize. A standard of time is quite as important as one of weight 
or of measure, and the time destributed from the Observatory ought to be 
legalized by an act of Congress.” 

We would like to add to this recommendation that all postmasters 
and notaries public in the United States be included in the provisions of 
such an act that the general government may aid these officers in their 
official duty. Return signals also should be sent to the U. S. Naval Observ- 
atory daily at government expense so that the personal equations of these 
officers might be given to the public. 
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BOOK NOTICES. 


The System of the Stars. By Agnes M. Clerke, Author of a Popular His- 
tory of Astronomy during the Nineteenth Century. London: Messrs. 
Longmans, Green & Co., publishers; and New York, 15 East Sixteenth 
street. 1890, pp. 424. 


Two books have been recently published that will be very welcome to 
astronomers generally, and it gives us pleasure to call attention to both of 
them in this issue of our publication. This volume, entitled ‘‘ The System 
of the Stars,” is a book of inestimable value. It is, indeed, as much a sur- 
prise, in point of success, as was that other notable book which appeared 
about five years ago, by the same author, titled “‘ A Popular History of As- 
tronomy during the Nineteenth Century.” If it was a delicate task to 
write a history of the nineteenth century fifteen years prior to the end of it, 
in the midst of the marvelous advancement of science at the present time, 
much more is it difficult now to deiineate the system of the stars, with its 
manifold differing lines of research, no one of which is yet more than fairly 
begun in systematic way. The undertaking is, indeed, a great one, so great 
that few scholars have tried to do more than to trace very general outlines 
for a system of the stars. The more the student turns over the momentous 
thought, the more the attempt seems to be a parallel of the distinguished 
Newton’s thought who expressed himself as well employed in picking up 
pebbles on the shore, while the great ocean of truth unexplored lay before 
him. It is none the less a noble ambition that seeks to master these great 
questions in science, whether it be on the side of discovery, or in the art of 
apt and truthful expression of what is now known in the realms of the side- 
real universe. 

The purpose of the author in this book has been to present such facts 
about the starry universe as are known to astronomy, in such a plainly- 
worded and untechnical way that the popular reader may easily under- 
stand the whole range of the subject and think about it definitely and 
pleasurably for himself. 

The first chapter opens by speaking of the stars generally, as they ap- 
pear to the naked eye, their designations, sidereal natural history, the dis- 
coveries of nebula, and the desirability of continuous observation. This 
naturally leads to a consideration of the methods of sidereal research, in 
which star catalogues and instruments are the aids which the working as- 
tronomer must bring to hand. The heliometer, stellar light analysis, and 
spectroscopic determination of the movement of celestial bodies are made 
duly prominent, while stellar and nebular photometry and celestial photo- 
graphy for star charting and parallax are the newer methods that are 
growing rapidly in favor. The object of all methods of study is to learn 
something of the nature or characteristics of the heavenly bodies. Begin- 
ning with the Sirian and solar stars their spectra are studied and classified, 
and their physical distinctions noted, the stars with banded spectra dis- 
cussed, and the meaning of flutings explained as at present understood. 
The physical nature of the various spectral classes of the stars is a theme 
of great interest, and large place is deservedly given to it. In chapter six 
we begin the theme of sidereal evolution, or the life history of the stars. In 
this connection the status of the red stars, the sun, stars past their prime, 
and the indicated line of evolution are considered; also the meteoric 
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hypothesis and pre-nebular theories. Then follow chapters on temporary 
stars, variable stars of long period, variable stars of short period, the col- 
ors of the stars, double stars, variable double stars, stellar orbits and mul- 
tiple stars. The chapter on the Pleiades is alone worth the price of the 
book to any reader who has interest in this branch of astronomy. The 
frontispiece to the volume is a large photographic chart of this group by 
MM. Paul and Prosper Henry, which contains, within a space of about 10 
by 8 inches, 2,326 stars with nebule intermixed. Following this are star- 
clusters, the forms of nebula, the great nebula, the nature and changes of 
nebule, the distances of the stars, the translation of the solar system, the 
proper motions of the stars, the Milky Way, the status of the nebulae, the 
construction of the heavens, and tables of stellar data with a full general 
index. There are also six fine full page plates and fifty woodcuts as illus- 
trations for the text which serve the purpose neatly and well. American 
teachers of astronomy will find this book a very useful one for reference. 


Tycho Brahe, A picture of Scientific Life and Work in the Sixteenth Cen- 
tury. By J.L. E. Dreyer, Ph. D., F. R. A. S., Director of the Armagh 
Observatory, Edinburgh. Messrs. Adam & Charles Black, Publishers, 
1890, pp, 405. Price $3.50. 

Not a small number of our readers already know something of Dr. 
Dreyer’s work as an astronomer and a writer on scientific subjects, and the 
knowledge that he has written a book setting forth the fact and work of 
the lite of the noted Tycho Brahe will certainly draw favorable attention 
to it as a work of merit. The monographs and popular accounts of his life, 
that have already appeared from time to time have had for their object only 
to set forth various phases of the career of the great Danish astronomer, 
as Helfrecht and Brewster have done. The only scientific biography. hither- 
to published, that we know of, is that by Gassendi, who obtained valu- 
able materials for his work from Tycho Brahe’s pupils, from the Danish 
savant Worm, and from a thorough study of the writings of the subject of 
his memoir, though much has appeared later that gives more of the details 
of his life that seems to have been overlooked, or not known, to Gassendi at 
the time of his writing. Dr. Dreyer has had ample opportunity to consult 


. Original sources for the materials of his account, and he seems to have 


spared no pains to give his readers a faithful rendering of Tycho’s noble 
life. 

The author first speaks of the revival of astronomy in Europe, by 
noticing the revival of science in Germany, early in the sixteenth century, 
the Greek astronomy that was prevalent, the new system of the world 
proposed, and in general, the state of astronomy in the sixteenth century. 
He next considers the family, childhood and education of young Tycho 
Brahe, and gives account of the construction of the large quadrant with 
which his early observations began. The new star of 1572 which he first 
noticed, that is still called Tycho Brahe’s star, seemed to arouse his scien- 
tific energies, and set him at work with unwonted zeal. He wrote two 
books at different times in his life giving his opinion of the nature and sup- 
posed significance of this star, and the alleged appearance of other new 
stars. He gave some attention to astrology as was so common at this 
time and lectured somewhat on this theme. After a short period of travel 
he soon settled in his island home of Hveen, the seat of his Observatory and 
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other buildings where so much of his valuable life was spent in assiduous 
devotion to the study of his chosen science. The detailed account of his 
work and the description of his Observatory and instruments with suitable 
illustrations are given fully and in attractive way in this book. The final 
chapter treats of the scientific achievements of Tycho Brahe and is an ex- 
cellent summary of the victories won by this man for science in these early 
times which will make his name and fame household words forever. This 
book is the most important one for astronomical biography that has been 
published in late years. 


A Treatise on Ordinary and Partial Differential Equations. By William 
Woolsey Johnson, Professor of Mathematics at the United States Naval 
Academy, Annapolis, Maryland. Messrs. John Wiley and Sons, Pub- 
lishers, 15 Astor Place, 1889, pp. 368. 

This book gives a treatment of the subject of differential equations 
complete enough for their general use in practical application, so far as 
this may be done without the use of the complex variable. Large space is 
given to geometrical illustrations in the use of rectangular co-ordinates, 
because the author thinks that the conceptions peculiar to the subject are 
more readily grasped by this mode of representation. Use is also made of 
singular solutions of ordinary differential equations and the concept of 
the peculiar feature in the partial differential equation. These points are 
important ones and make the book, in its general plan, a very desirable 
one tor the student of mathematics who has only pursued a course of ele- 
mentary study in calculus before undertaking special studies concerning 
the theory and use of differential equations. The author seems to have 
planned wisely in this regard, and he has written a book that will certainly 
meet a general want, in that it offers a plan of study adapted to the stage 
of advancement of students from the best colleges and scientific schools in 
which the subject of mathematics has the prominence it deserves. 

The plan of this work comprises twelve chapters in which the following 
themes are discussed: Nature and meaning of a differential equation be- 
tween two variables, equations of the first order and degree, equations of 
the first order and not of the first degree, equations of the second order, 
linear equations with constant co-efficients, linear equations with variable 
co-efficients, solutions in series, the hypergeometric series, special forms of 
differential equations, equations involving more than two variables, par- 
tial differential equations of the first order, and partial differential equa- 
tions of higher order. Each of these chapters is divided into themes and 
discussed separately, and generally in so complete a way as to bring to 
mind easy and satisfactory conclusions. Take, for example, the chapter 
treating of equations of the first order. but not of the first degree. - It is 
presented in three divisions, the first part considers decomposable equa- 
tions, equations properly of the second degree, systems of curves corres- 
ponding to equations of the second degree, standard form of an equation 
of the second degree, singular solutions, the discriminant, cusp-loci, tac- 
loci and node-loci, followed by two pages of illustrative examples. 

We take pleasure in calling the attention of teachers and students of 
mathematics to this book, as one in which they will be interested, if they 
are prepared to read by previous thorough study of the elementary mathe- 
matics leading up to it. 
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The 


E. Howard Wateh & Clock Co. 


383 WASHINGTON STREET, BOSTON, 
4t MAIDEN LANE, NEW YORK, 
170 STATE STREET, CHICAGO. 


MANUFACTURERS OF 


ASTRONOMICAL REGULATORS 


RECULATORS OF PRECISION, 


AND # FINE # WATCHES. 


To any of our regulators we attach devices for the transmission of elec- 
trical currents for operating chronographs, sounders (indicating the time of 
the standard regulator), or for synchronizing secondary clocks when de- 
sired. 

These electrical transmitting devices can be attached to our No. 89 
regulator, which is especially constructed to meet the wants of the railroad 
service; and the almost absolute certainty and regularity of the perform- 
ance of these regulators make them particularly desirable as secondary 
standards for the railroad service. 

To our Astronomical Regulators we apply either Dennison’s Gravity or 
the Graham Dead-Beat escapements. These regulators are made in several 
grades, thereby meeting the wants of Institutions having ample means for 
the purchase of the most elaborate form of time-keeping instruments, as 
well as newly established Institutions with limited means to invest in a 
regulator. 

Our watches are second to none in the world as time-keepers and the 
manner of their construction is such that they are less liable to injury from 
improper handling, than any other watch now in the market. 

We respectfully solicit correspondence from Corporations, Institutions 


and individuals contemplating the purchase of a Regulator ,regardless of 
the grade. 
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Electric Break Circuit 
CHRONOMETERS. 


WM. BOND & SON, 
134 State Street, 
Boston, Mass. 


We were the original makers of these Chronometersin the United States 
and our System is still the best in use. 
SEND FOR CIRCULAR. 


The Navy Yard at Duluth. 


There has been considerable laudable work in the interests of a navy yard at 
Duluth, “the Zenith City of the Unsalted Seas,’’ and serious attention is being 
given the matter by those in authority. Sensible and far-seeing people can see no 
reason why the government should not establish a navy yard at that most ad- 
vantageous point, for the scheme is backed by reason and necessity. Duluth’s har- 
bor is unquestionably one of the finest in the world; she dominates one of the rich- 
est iron deposits extant; her timber supply is practically inexhaustible; she isa 
power in commerce; she offer< the most convenient site; and, best of all, she is the 
northern terminus of The Saint Paul & Duluth Railroad, which is even now widely 
known as the Duluth Short Line, and r2garded as the best route for tourists desir- 
ing to go from St. Paul and Minneapolis to Duluth and West Superior, or vice 
versa. Fine equipment, fast trains, elegant accommodations, splendid terminals 
and convenient schedules are characteristics of this route, Circulars furnished by 
Geo. W Bull, General Passenger Agent or G. C. Gilfillan, Assistant General Passen- 
ger Agent, St. Paul, Minn. 




















A pamphlet of information and ab- 
stract of the laws, showing How to, 
Obtain Pateuts, Caveats, Trade 
Marks, Copyrights, sent 5% 
Address MUNN & CO. 








The Story of the Rear Guard. | 


To this day the truth about Stanley's ill-starred rear guard is not fully known. 
Both sides of the controversy have been presented—Stanley’s a little weakly—but 
the public is no wiser than at first. The friends of Barttelot and Jameson have 
had a good deal to say, and their statements have been of such a positive and 
credible character as to make them far from easy to refute. The public, therefore, 
is puzzled and at a loss to know which way to decide, the circumstances being so 
manifestly peculiar. The public, however, is positive of one thing, and that is that 
The St. Paul & Duluth Railroad is the shortest and best route to take when the 
tourist desires to go from Duluth and West Superior to St. Paul and Minneapolis 
or vice versa. The road-bed is smooth, the equipment the finest obtainable, the 
service the most modern, the schedules conveniently arranged, and the trains fast. 
For this reason it is always wise and profitable to take The Duluth Short Line, 
which makes close connections for all points. Information cheerfully furnished by 
Geo. W. Bull, General Passenger Agent, or C. ©. Gilfillan, Assistant General Passen- 
ger Agent, St. Peuj, Minn. 
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ASTRONOMICAL DOMES 


BUILT ON THE HOUGH SYSTEM 





Possess the following advantages 
over all others: 


Minimum weight of rotating parts. 

Ease of rotation and lateral stability at- 
tained by the use of adjustable stationary 
anti-friction wheels. 

i An opening continuous from horizon to zen- 
ith. 

A shutter that closes weather-tight, will 
not bind, and can be quickly and easily oper 
ated. 

Simplicity of construction, durability and 
cheapness. 

The anti-friction wheels and shutter can be 
| applied to existing domes with slight altera- 
# yions and small expense. 





A Dome built on the new method may be seen at the Dearborn Observatory, 
Northwestern University, Evanston, Ills. 


For further particulars and estimates of cost address, 


WM. SCHERZER, C. E. 


509° Home Insurance Building, Chicago., ql. 


CARLETON COLLEGE, 


Northfield, Minnesota. 


Full Preparatory and Collegiate Departments. 
English, Scientific, hiterary and Musical Courses, 
All Departments open to Students of Either Sex, 
Expenses ii Low. 


CALENDAR FOR 1890-91. 


Examinations to enter the English Academy or Preparatory Depart- 
ment, the first afternoon of each term. 

Examinations to enter the Collegiate Department, June 5th and 6th, 
and September 8th, 1891. 

Winter Term begins Tuesday, January 6th, and ends March 18th, 1891. 

Term Examinations, March 17th and 18th, 1891. 

Spring Term begins Tuesday, March 24th, and ends June 11th, 1891, 

Term Examinations, June 8th and 9th, 1891. 

Anniversary Exercises, June 6th to 11th, 1891. 

Wednesday, September 9th, 1891, Fall Term begins, 
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The H. RK. Spencer Optical Ce., 


CLEVELAND, OHIO, 
SUCCESSORS TO H. R. SPENCER & CO., OF GENEVA, N. Y., 


—MANUFACTURERS OF 


Astronomical x Jnstruments 


AND MICROSCOPE OBJECTIVES. 





Telescope Object Glasses of any desired focal Length 
— Short Focus Glasses a Specialty. 


Our New Formula Short Focus Astronomical and Terrestrial Tele- 
scopes embody many optical advantages besides the mechanical advant- 
ages of increased stability in their mounting and adaptability of large 
instruments to small observatories. 

We make a specialty of small telescopes, of a very superior quality, for 
Astronomical and terrestrial purposes. 

Estimates for object glasses, mounting, steel domes, and complete ob- 
servatory outfits furnished on application. 

Price list free. 


THE H. R. SPENCER OPTICAL CO., 





ASTRONOMICAL 


THLESCOPHS, 


EQUATORIAL MOUNTINGS, 
With and Without Circles. 


DRIVING CLOCKS, 
ACHROMATIC OBJECTIVES IN CELLS, 
NEGATIVE AND POSITIVE EYE-PIECES, 
DIAGONAL PRISMS. 
HELIOSCOPES, SPECTROSCOPES, 
CHRONOGRAPHS, 

TRANSIT INSTRUMENTS. 
PHILADELPHIA: 


JAMES W. QUEEN & CO.,, 


No. 924 Chestnut Street. 





SS SEND FOR CATALOGUE. 
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| Js the well known 


Minneapolis | and popular route 


| through 





AND | Central Minnesota 
and Iowa, 


Nt. Louis also reaching from St. 


| Paul and Minneapolis 


Railway ito WATERTOWN, 


S. D., touching most 





THE of the prominent 
towns and furnishing 
rapid and satisfactory 
service. 


Its through trains 





carry the best of Pull- 





man Sleeping Cars, and provide all those 
modern conveniences which make long 
journeys restful and profitable. Winter 
Tourist Tickets are now on sale, and the 
the public are reminded that to ST. 
LOUIS, HOT SPRINGS, ARK., and the 
South the “M. & ST. L.” makes close 
connection in UNION DEPOT, ST. 
LOUIS, as well as at KANSAS CITY; 
also running through cars to 
CHICAGO, DENVER, 

COLORADO SPRINGS and PUEBLO, 
and there connecting for all Coast and 
CALIFORNIA POINTS 


Close connection made at St. Paul with 





all lines for the Northwest. 
Inquire of any agent of this company 
for rates, ete., or 
c, M. PRATT, 
W. H. TRUESDALE, G.P, & T. A. 


Receiver, Minneapolis. 


XUM 





The Sidereal Messenger. 











A Great Railway. 


The Chicago Millwaukee & St. Paul 
Railway Company now operates over 
sixty-one hundred miles of thoroughly 
equipped road in Illinois, Wisconsin, 
Northern Michigan, Minnesota, Iowa, 
Missouri, South and North Dakota. 
Each recurring year its lines are extend- 
ed in all directions to meet the necessities 
of the rapidly populating sections of coun- 
try west, northwest, and southwest, of 
Chicago, and to furnish a market for the 
products of the greatest agricultural and 
stock raising districts in the world. In 
Illinois it operates 317 miles of track; in 
Wisconsin 1,636 miles; in Northern Michi- 
96 miles; in Iowa 1,551 miles; in Min- 
nesota 1,115 miles, in South Dakota 
1,092 miles; in North Dakota 118 miles; 
in Missouri 140 miles, and the end is not 
yet. It has terminals in such large cities 
as Chicago, Milwaukee, La Crosse, St. 
Paul, Minneapolis, Fargo, Sioux City. 
Council Bluffs, Omaha, and Kansas City 
and St. Joseph, Mo., and along its lines 
are hundreds of large and small thriving 
cities, towns and villages. Manufactur- 
ing interests are cultivated, and all 
branches of trade find encouragement. 
The Railway Company has a just appre- 
ciation of the value of its patrons, and 
its magnificent earnings are the result of 
the good business tact which character- 
izes the management of its affairs. 

The popularity of the line is attested 
by the fact that notwithstanding the 
strongest kind of competition of old and 
new lines, the Chicugo, Milwaukee & St. 
Paul Railway coutinues to carry the 
greater proportion of all the business be- 
tween Chicago, Milwaukee, St. Paul and 
Minneapolis. It is the best patronized 
route between Chicago, Council Bluffs 
and Omaha to and from all points in 
Wisconsin. Minnesota, Dakota and lowa, 
and its Kansas City and St. Joseph line 
has taken equal rank with the older lines 
leading to and from the Southwest. 

On all its through lines of travel the 
Chicago, Milwaukee & St. Paul Railway 
runs the most perfectly equipped trains 
of Sleeping, Parlor and Dining Cars and 
Coaches. The through trains on all its 
lines are systematically heated by steam. 
No effort is spared to furnish the best 
accommodations for the least money, 
and, in addition, patrons of the road are 
sure of courteous treatment from its em- 
ployes. 
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Minnesota, North Dakota, Montana, 
Idaho, Oregon, Washington, 
California, British Columbia and Alaska 


Are all reached to the best advantage via the 


ORTHERN @ PACIFT 





RATUROAD— 


—THE— 


“Yellowstone Park and Dining Car Route.” 


Pullman Palace Sleeping Cars, 
Elegant Dining Cars, 
Furnished Tourist Sleeping Cars, 
and Free Colonist Sleepers. 


No other line runs Pullman Palace Sleeping Cars to Fergus Falls, Fargo, Crookston 
Grand Forks, Grafton, Winnipeg and Helena. 


Through Vestibuled Train Service Daily 


To all principal Montana and Pacific Coast Points 


Via The Northern Pacitic Railroad 


THE SHORT LINE TO 
Helena and Butte, Montana, 
Spokane Falls, Washington, 
and Portland, Oregon, 
and the only all rail line to Tacoma and Seattle 
THE FAVORITE ROUTE FOR CALIFORNIA TOURISTS. 


For full information concerning rates, time, etc., call on or address your nearest ticket 
agent, any traveling passenger agent of the Company, or 


CHAS. S. FEE, 


General Passenger and Ticket Agent, 
ST. PAUL MINN. 
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Forecast for April. 


r Unless the signs are erroneous, April promises to be a normal month. Foster 
intimates that the usual record for general humidity is likely to be maintained, but 
that ifit is not then the month will be drier than usual. Certain authorities claim 
that it will present an unusual number of cold, blustering days, and that, if this 
prognostication is not borne out, the latter part of the month will be correspond- 
ingly warmer. That April will begin as usual on the first of the month, and will 
contain thirty days, they all agree with charming unanimity, but from a non-par- 
tisan standpoint they are sadly in doubt. There is not a particle of doubt, how 
ever, as to the assertion that The St. Paul & Duluth Railroad is becoming widely 
known as The Duluth Short Line. What with its fast trains, admirable service, 
splendid equipment, fine terminals and close connections, it is maintaining its place 
as the popular route, and increasing its prestige among those who travel between 
the Twin Cities and Duluth and West Superior. Circulars furnished by G. W. Bull, 
General Passenger Agent, or G. C. Gilfilan, Assistant General Passenger Agent, St. 
Paul, Minn. 








FORMERLY EDWARD KAHLER. _ESTABLISHED 1874. 





IM. Hi. KA Ai TAR, 
107 F St. n.e., Washington, D. C., 
MANUFACTURER OF 


Optical - and - Astronomical - Instruments. 


Telescopes, Portable Equatorials, Transits 
And Equation Machines, 


+ 


Eye-pieces of the Ramsdea, Kellner, Steinheil, Huyghens, Airy and Fraun- 
hofer formula. Negative, Positive, Terrestrial, Astronomical, Diagonal 
and Solar Eye-pieces mounted and adapted for the special wants of the 
trade and profession. 


Lenses, Wedges, Prisms and Objectives in Cells furnished to the trade. 
New Formula Terrestrial Eye-pieces for Surveying Instruments. 


° ° ‘ 
Sitting Bull’s Ghost. 
Some of the more enthusiastic Indians who have become imbued with the Mes- 
sianic idea claim that theyjhave seen the spiritual entity of the evident late Sitting 
Bull, and aver that he has been resurrected and will again lead them to battle—or 
to'the agency for rations. The latter proposition is the most consistent, as the 
Recumbent Taurus was never known to stand back while there was a bright and 
large American silver dollar in sight, for he knew its commercial value, and would 
scarcely turn around in a white man’s presence unless the spectator ‘shelled out’’ 
the usual assessment. However, people in this section haven't a great amount of 
interest in this matter. What interests them most is the fact that The Saint Paul 
& Duluth Railroad—The Duluth Short Line—is the best route to take when travel- 
ing between St. Paul, Minneapolis, Duluth, West Superior and other poin's be- 
sides providing the finest equipment for elegant trains that run on quick and con- 
. venient schedules and make close connections with all routes at magnificent ter- 
minals. Circulars and information cheerfully furnished by Geo. W. Bull, General 


Passenger Agent, or G. C. Gilfillan, Assistant General Passenger Agent, St. Paul, 
Minn. 








